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Carbondale Carbon Dioxide Refrigerating System cools refrigerators and freezes 6 tons of ice daily at The Greenbrier 
W bite Sulphur Springs, W. Va. 


with Carbondale Refrigeration 


— well known White Sulphur Springs’ 
hostelry knows the value of a delectable 
cuisine. Fresh food is an essential ingredi- 
ent, and to a Carbondale Carbon Dioxide 
Refrigerating System is assigned the work 
of cooling the refrigerator boxes. 


In selecting Carbondale Refrigeration, 
The Greenbrier joins a host of satisfied 
users, including the Stevens and the St. 
George (the world’s two largest hotels). A 
proven reputation for trustworthy per- 
formance is the basis for the wide use which 
Carbondale Refrigeration enjoys. 


This assurance of dependable service reflects 
to the credit not only of Carbondale Refrig- 
erating Systems but to the fact that they 
are properly engineered to fit specific con- 
ditions. The experience gained during 40 
years of pioneering makes Carbondale par- 
ticularly qualified, whether refrigeration be 
used for food preservation, air condition- 
ing, a manufacturing process, or the making 
of ice. If refrigeration is involved consult 


Carbondale. 


THE CARBONDALE MACHINE CO. 
Carbondale, Pa. Branches in principal cities 


Carbondale Refrigeration 





SYSTEMS USE WORTHINGTON “FEATHER VALVE” 
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The EDITOR’S PAGE 
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FROM A LETTER—™ 


“I have missed the last issue of 
your publication. I have been 
receiving your magazine since it 
was first published and have been 
in the habit of keeping the entire 
magazine on file instead of clip- 
ping portions of it, as I do with 
most other technical publications. 
I must have the current issue to 
keep my files complete and would 
appreciate your sending me a copy 
as all my efforts to locate the lost 
issue at this end have proved fruit- 
less. I might take this opportunity 
to congratulate you on the high 
standards you have set so far, and 
I intend to keep renewing my sub- 
scription as long as these standards 
are maintained.” 








FROM ARTICLES 
IN THIS ISSUE 


**When steam is used in process, it serves as a conveyor of heat. 
Usually the substance of the steam is not consumed in the 
manufacturing process. The manufacturing departments 
require delivery of heat by the power plant at a given rate. . . . 
This fact must be considered when the design of a high pressure 


power plant is contemplated.’’—£. H. Barry. 


**The increasing popularity of the tall building has introduced 
a set of outside conditions which often require a chimney to be 
carried to a height not necessitated by the actual draft require- 
ments. In such instances the diameter may be reduced corre- 
spondingly, to the advantage of a lesser first cost and an increase 


in rentable floor area.’’—H. L. Alt. 


**One very important point to remember in piping steam to a 
liquid soap system (in a laundry) is the installation of a tee with 
a swing check valve opening to the atmosphere. This is in case 
pressure goes down in the boiler at night, thus creating a 
vacuum which will tend to pull liquid soap from the supply 


tank back to the builer.’’— W. H. Pierce. 


**Local fan-equipped unit coolers supplied with chilled water 
or which use direct expansion refrigerants . .. are available. 
One may install a compressor somewhat larger than that 
required for the ordinary large ice box cooler in the basement, 
serving from it a unit cooler which may stand on a pedestal in 
the private office, promoting wonderfully pleasant conditions 
in a very simple and easily controlled manner. — Samuel R. 
Lewis. 


“This equipment was not regularly inspected by the mainte- 
nance employes and the faucet was allowed to remain in this 
condition for some time. It was estimated that 8000 gallons of 
hot water per month were wasted in this manner.’’—W. H. 


Wilson. 


**Central heating was first undertaken (in Winnipeg) as an 
economical measure to provide means of utilizing an electrical 
stand-by plant. Electrically heated boilers . .. provide an 
outlet for off-peak energy.’’—Some Reports on Research. 
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Eanes the advantages of 
simplicity in the Detroit Mechan- 
ical Drive. 



























































With few parts — heavy construc- 
tion is possible and ability to with- 
stand the severest strains of hard continual 
daily service year after year is assured. 


Power required for operation is negligible. 
Machine cut gears and worms, mounted in 
Tapered Thrust Roller Bearings, all fully en- 
closed, run in worm gear lubricant. 


Complete flexibilityis provided. Fuel is fed to the 
furnace in proper quantities to meet varying 
load requirements on the boiler. The steady 
powerful action efficiently maintains correct 
fuel bed conditions. 


Simple — powerful — economical — this drive is 
your assurance of efficient coal feed. Ask for 
Bulletin 278. 


DETROIT STOKER COMPANY 


Third Floor General Motors Bidg. 
DETROIT, MICH. Works at Monroe, Mich. 
District offices in principal cities 


in Canoda 
DETROIT STOKER COMPANY OF CANADA, LTD. 
Toronto Windsor Montreal 
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Corner of laboratory in Nash factory 
where Jennings Pumps are tested. 


Liberal Capacity at Minimum Horsepower 
assures low operatin ge costs 





Jennings Vacuum Heating Pumps are furnished in capacities 
of 4 to 400 g.p.m. of water and 3 to 171 cu. ft. per min. of air. 
For serving up to 300,000 sq. ft. equivalent direct radiation. 


ECONOMICAL operation is assured by the 
unusual design of the Jennings Vacuum 
Heating Pump. 


The Jennings consists of two independent 
pumping units. One pumps only water, 
the other only air. Each unit can be, and 
is, designed for maximum efficiency. Less 
horsepower is required to drive the pump 
because neither of these units is ever over- 
loaded by having to handle air and water 
together. The generous capacity provided 
permits the pump toclear theheatingsystem 
rapidly, so that a Jennings operates only 
for short periods at a time. 


The air and water capacities of every 
Jennings Heating Pump are determined 
for you by test at the factory. Power con- 
sumed is also checked. These tests, con- 
ducted under the same conditions of 
vacuum and pressure as are to prevail in 
actual service, are your guarantee of good 
heating pump performance. 


NASH ENGINEERING COMPANY 
71 WILSON RD. SO. NORWALK, CONN. 


Jennings Pumps 








VACUUM PUMPS AND COMPRESSORS FOR AIR AND GAS * »* RE- 
TURN LINE AND AIR LINE VACUUM STEAM HEATING PUMPS «= +» 
CONDENSATION PUMPS »« + CENTRIFUGAL.PUMPS »* » SUC- 
TION (SELF PRIMING) CENTRIFUGAL PUMPS * + SUCTION SUMP 
PUMPS » » SEWAGE PUMPS +» 


» PNEUMATIC SEWAGE EJECTORS 
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NASH ENGINEERING COMPANY 
71 Wilson Road, South Norwalk, Conn. 
Gentlemen: 


Please send me Bulletins 85 and 87 describing 
Jennings Vacuum Heating Pumps. 


Name Title 


Address 








State. 
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Experiences 1n 


Air Conditioning Office Buildings 


By Samuel R. Lewis* 


air conditioning for comfort, in contra-distinction 

to air conditioning for manufacturing processes. 
Air conditioning for manufacturing processes brings 
about results of such fabulous value that the processes 
and their exact control have had intensive study and 
have been well developed by research. 

The rooms or spaces in which air conditioning for in- 
dustry is provided usually can be insulated, and there 
need not be, generally speaking, any particular fear of 
drafts, while the spread in temperature between inlets 
and outlets often may be wide without prejudice. 


\" conditioning for office buildings means, of course, 


Problems in Comfort Conditioning 


When we approach air conditioning for comfort, how- 
ever, we cannot use a wide spread in temperature but 
usually must limit ourselves to only a few degrees dif- 
ference between the entering air and that in the room. 

Office buildings usually are not well protected against 
sun effect by building insulation and have very large 
glass areas; doors are in constant use; it is difficult to 
keep the windows closed. We need not tolerate these 
conditions in industrial practice, but we must when cool- 
ing for comfort. Also, there are both 
men and women in most offices. The 
men are always more warmly clothed 
than the women and so most men are 
less susceptible to drafts than are most 
women. 


* Consulting engineer, Chicago, III. 


Ceminc Dirrusers For Botu INLET 
AND OuTLetT aS USED IN THE AIR 
CONDITIONED GENERAL OFFICES OF 
Lippy, McNeimt & Lipsy, CHIcAco 





Because of the inherent 
characteristics of the two 
problems, air condition- 
ing for the comfort and 
health of occupants of an 
office building presents 
difficulties not encoun- 
tered in providing proper 
atmosphere for manufac- 
turing processes. Samuel 
R. Lewis has had some 


interesting experiences in 

this type of engineering; 

his views on the subject 
are presented here. 
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CeimtinG Dirrusers ror INLETS AND OUTLETS AS ROUGHED 
IN FOR THE A, O. SmitH ReseArcH LAporaTory AT MIL- 
WAU KEE 


Shafts are Chimneys 

Every lofty building has as many different air pres- 
sures as a chimney. The stairs and the elevator shafts 
of such buildings are chimneys. There is always a 
neutral pressure zone in such buildings, below which 
air leakage is inward, and above which air leakage 
is outward. Most office building designers, recognizing 
this, make the elevator shafts as nearly air tight as pos- 
sible, and isolate the stair shafts from each story with 
heavy close-fitting doors. If they then fail to provide a 
properly conditioned supply of air to the lower stories 


the corridors here will be hot and odorous. If there are 
any dentists, beauty parlors, cigar stores, and the like 
on the lower stories, and if any of these have open win- 
dows, the rush of air from outside through these windows 
to serve the air-hungry corridors will carry with it the 
heart arresting smells of the dentist’s room, the objection- 
able odor of scorched hair from the beauty parlor, and 
the aroma of the cigar store. 

In one thirty-five story tower the chimney effect of 
the stair shaft, which the law required uninterrupted by 
doors all the way through from bottom to top, was 
usually stronger in winter than the powerful exhaust fan 
provided at the twentieth story for the toilet rooms, to 
the extent that when the stair shaft doors were opened 
they back-pulled the toilet vents and caused complaint of 
odors. In another case the toilet room utility space doors 
happened to open into a stair shaft. The natural draft of 
the shaft was stronger than the draft caused by the ex- 
haust fan, and all of these doors had to be weather- 
stripped and caulked to prevent back drafts. 


The Window Problem 


It is possible to have the windows of an office building 
fairly tight and they can be fastened shut. The usual 
tenant, however, hates to be forbidden to open his win- 
dow. If we have single glass in the windows we must 
add greatly to the allowances for heat transfer and for 
infiltration, compared to that necessary if double win- 
dows were used. 

There are certain difficulties connected with double 
windows for office buildings. In most cases where double 
windows are provided the spaces between the two sashes 
are sealed hermetically. In order to clean the outer glass 
a special exterior scaffolding runs on a track around the 
outside of the building. Despite all precautions toward 
perfect joints between the inner and outer glass there is 
some infiltration of dust into the dead space, very difficult 
to remove. 

Break System Into Units 

It is good practice to have a supply fan with its cold 
air intake, heaters, coolers, etc., for each story of the 
modern air conditioned office building, though in some 
cases each fan may serve five stories or three stories, the 
fan being located at the center of the vertical zone. When 
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an attempt is made to serve more than about five stories 
with each apparatus the ducts tend to become so large 
as to occupy too much space and there is increased trouble 
in air distribution due to the weight-temperature differ- 
ences, when handling cool air. 


The Air Inlets 


Some system of air distribution for office buildings 
must be arranged which will be independent of interior 
partitions, as these inevitably will be changed constantly. 

Horizontally-looking overhead side wall inlets may be 
objectionable as they interfere with furniture, cause 
drafts, get dirty, and are a problem if it becomes desir- 
able to move the partition. 

There are apparently, two alternative inlet points. 

One of these is to use the window stool. To reach this 
with a duct usually requires a suspended ceiling to con- 
ceal the duct. It is possible to use the spaces between 
concrete or skeleton steel joists for these ducts, provided 
that the structural engineer and the mechanical engineer 
will cooperate. One very successful ventilating system 
for an office building uses the spaces between concrete 
joists, with the corridor ceilings suspended below the 
transverse supply ducts and concealing also the steam 
pipes and other services. The corridor ceilings in this 
building have removable pressed steel panels which look 
like plaster, to permit access to traps, dampers, valves, 
etc., of the mechanical equipment. 

Introduction of air for cooling at the window stools 
involves careful design. The velocity at the point of 
introduction must be high, so that the cool air gets up 
near the ceiling and mixes with the heated air already 
there before it can touch the people. If the velocity is 
low the cool air falls over into the room before mixing 
properly, and causes draft-complaint. 

In one recent installation in San Francisco, the air 
inlets are at one end of each window stool, occupying 
perhaps one-third of its length while the remaining two- 
thirds of the space under the window is used for the 
radiator which heats the room. In this case the supply 
of air from any single cooling or conditioning system to 
all of the rooms which it serves is all at the same temper- 
ature, but there are several separate systems, one for each 
general exposure of the building. 

With this arrangement the air delivered to the sunny 
side of the building may be cooler than that delivered 
at the same time to the shady side of the building. This 
scheme cannot, however, answer the difficulty often en- 
countered that the executive in his large private office 
may be shivering while his secretaries in their crowded 
quarters may be far too warm. 

The second alternative air-inlet point is in the ceiling, 
preferably at the center of each bay; the air being de- 
flected against a flat panel so as to be delivered at com- 
paratively high velocity in a horizontal direction close to 
the ceiling. Usually with such a device in the center of 
each bay the flexibility of interior partitions can be coped 
with as effectively as with window stool inlets. 

There is no more difficulty in reaching the ceiling in- 
‘cts with ducts than there is in reaching the window stool 
inlets with ducts. Inlets of this type have been used for 
private office cooling-for-comfort with success even 
vhere the story heights were very shallow. The dif- 
users can be combined with the lighting fixtures and can 
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PLAN OF AN OFFICE BUILDING IN WHICH THE OWNER 
FinaLLy Was CoMPELLeD To INvest Turee YEARS IN- 
COME FOR ALL SECOND Story OFFices IN INSTALLING A 
MECHANICAL VENTILATING SYSTEM. STAIRS AND ELE- 
vAToRS Were EnNcLosep, THere Were No QOutsipe 


WINDOWS FOR THE CorRRIDORS AND THERE WaAs NoruinG 


Tro Cause Any Arr CHANGE OR CIRCULATION IN THI 
CORRIDOR OR IN THE Rooms UNbDER THE SKYLIGHTS 
OcCUPATIONAL ODpORS FROM THE TENANTS IN OFFICES 


PERMEATED THE WHOLE AREA, DePpENDING 
ON THE WINpD-DIRECTION 


A, B, AND ( 






























be made of metal or of ornamental plaster, or of acoustic 


tile. 
Use of Corridors as Return Ducts 


In an endeavor to simplify and to lower construction 
costs, many existing air conditioning plants for offices 
make use of the corridors as return air ducts, with the 
rooms venting through grilles into the corridors, which 
convey the air back to the supply fan suction for recircu- 
lation. This practice makes vent outlets of all leeward 
rooms, preventing a square deal, air considered, for the 
occupants of all leeward rooms. This is because, all pos- 
sible effect of fans to the contrary, there must always be 
a plus atmospheric pressure on the windward side of 
every building, and a minus atmospheric pressure on the 
leeward side of every building. If the windward and the 
leeward rooms are thrown into open communication 
across the corridor the outside pressure attempts to 
equalize itself and the leeward rooms must receive air 
from the windward rooms. 

It may require a fire disaster to cause enactment and 
enforcement of legislation to prevent general adoption of 
corridor ventilation, but many engineers warn and 
protest against the use of corridors and stair shafts as 
vents. 


Requirements of Office Air Conditioning Plants 


Having outlined some of the conditions which con- 
front the designer of an air conditioning plant for an 
office building let us set forth some of the fundamental 
requirements of such a system. 


The air must be introduced at not more than 10 to 12 
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SEcTION THROUGH VENTILATING Suppty Duct oF AN OFFICE 
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Are Air TiGHt, But May Be OpeNep By UNSCREWING THE 
CLAMP Screws. ALL VALves, TRAPS, VOLUME DAMPERS, AND 
Convection HEATERS ARE ACCESSIBLE THROUGH THE PANELS 
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degrees dry bulb cooler than the air already in place. 

It must be possible to introduce air at different effec- 
tive temperatures to different rooms at the same time, 
both in winter and in summer. 

If the windows cannot be double and if the cool 
walls cannot be insulated, so that they will not get cooler 
than the dew point of the air, provision must be made 
for gutters to carry off the water condensed from the 
air, or the air must be prevented from reaching such a 
relative humidity as will cause deposition of dew. 

The rooms must each have their own independent inlet 
and outlet, regardless of the corridor. Air may be re- 
circulated, but provisions must be made for direct vent- 
ing of toilet rooms and for direct venting of rooms 
which may have tenants who carry on businesses which 
cause objectionable odors. 

The inlets and the outlets for air must be 


un. et ell 
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water which is heated in winter and which is cooled in 
summer, The thermostats in each room control the rate 
of water flow and so cause the optimum dry bulb tem- 
perature of the air delivered by the recirculating fan. By 
a simple throw-over arrangement the thermostats in the 
rooms control the water temperature in each radiator 
in summer as well as in winter. 


The water circulated in the summer is never cooler 
than the dew point of the air which touches the water 
cooled surface, so that there will be no difficulty about 
condensation on the heat transfer surfaces. 

Each bay, or each room of size smaller than a bay, has 
a combination ceiling diffuser and exhaust grille, located 
at about the center of the bay, and having supply and 






























































































































































so arranged that partitions may be shifted ' ihe: Gis: chases a: Geo —»—T] 
within all reasonable limitations without leav- : | 
, s ‘ | a =~, ¢ ~ 
ing any rooms inaccessible to supply and ex- [ Vent te 
haust openings. ( ated ae = 
ls r - acd i 4 
One System Which Meets These 
Requirements a — : 
re . . . . . . - a 
lhe air within each room in this plant is ‘2 H H . 
recirculated by a local electric fan delivering  { ro ioe é Vent/| through _ ) | 
J : ~ ~ = eorsto corridor 
upward through an enclosed convection type > seca 
heat transfer surface at the window stool. This — 
surface is provided with forced circulation later, Fitter < + I ~ . 
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SECTION AND ELEVATION OF Winvow Stoo, Arr INLETS AND CONVECTION HEATERS 

WHEN COOLING-FOR-COMFORT, IN THIS CASE, IF THE GENERAL OrFice Air SuppLy Is Too Coot ror a Private Orrice, 

STEAM Is TURNED ON THE CONVECTION HEATER SHOWN; BY THIS MEANS A MEASURE OF CONTROL IN SUMMER AS WELL AS IN 

Tue Dertector BeLow THE GRILLE Was Founp NECESSARY TO PREVENT Drarr CoMPLAINT WHEN A 
Low Vetocity Detivery or Coot Arr Was IN EFFECT 


CHICAGO. 


WINTER Is OBTAINABLE. 


exhaust ducts between the joists from laterals run below 
the joists in the furred-down corridors. 

The combination winter and summer heat transfer 
surfaces in the rooms are so large, due to the low tem- 
perature spread of the cooling function, that the winter 
hot water is comparatively low in temperature. It is not 
essential to operate the recirculating fans in winter. 

The air supply to the ceiling diffusers and the exhaust 
from this point is only large enough to serve the needs 
of ventilation in keeping down odors, and the air with- 
drawn from the ceiling outlets may be used for flushing 
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IN Orrice BuitpInc or Swirt & Company, 


out the corridors and toilet rooms on its way to the 
toilet exhaust fans, or may be exhausted directly, or 
may be recirculated. 

The air introduced at the ceiling inlets is dehumidified 
in summer and humidified in winter, is dust-free, and 
need not necessarily be very much different as to dry 
bulb temperature from the air already in the room. 

It is desirable that this air shall be slightly cooler, both 
winter and summer, than the air already in the room. 

So potent is the cooling-by-evaporation service of the 
human body that a wide range of effective temperature 
comes within the com- 







fort zone. We may 
dehumidify the air by 
cooling it with a 






chilled water spray be- 
low the dew point and 
condensing out the 
water, or may absorb 
the water from the air 
into a moisture-hun- 
gry sponge, like silica 
gel. Both types of 
dehumidifying appa- 
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ratus are available commercially and both types are in 
successful use. 

A plant along these lines has been built for the A. O. 
Smith Corporation. It should give better results as to 
control and as to operating cost than any plant which is 
compelled to use air. all at the same cool temperature or 
all at the same warm temperature for many rooms on dif- 
ferent exposures or orientations, and this plant with its 
duct-enclosed circuits is expected to be more satisfactory 
than plants which use the corridors as vent flues. 


Cooling One Private Office 


Local fan-equipped unit coolers supplied with chilled 
water or which use direct expansion refrigerants are 
new, but are available and practicable. One may install 
a compressor somewhat larger than that required for the 
ordinary large ice box cooler, in the basement, serving 
from it a fan-equipped unit cooler which may stand on 
a pedestal in the private office, promoting wonderfully 
pleasant conditions in a very simple and easily controlled 
manner. 

These local cooling units are available in sizes as small 
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as one-ton capacity (around 12,000 Btu per hr. in air 
drying and cooling capacity). 

About half of this energy might be required to con- 
dense moisture. Of the other half, 1,000 Btu per hr. 
might be needed to absorb the heat given off by two 
people, 500 Btu per hr. to care for the lights, and the 
remainder, 4,500 Btu, to balance the heat gain by sun- 
shine on the exposed walls and glass and by transmission 
from adjoining uncooled rooms, and by air leakage. It 
will be understood of course, that this unit plant will 
serve only one comparatively small private office. 

The cost of air cooling for comfort in an office build- 
ing is given in a recent paper by W. H. Carrier as $1.25 
per sq. ft. of floor space, with an over-all annual cost of 
19 cents per sq. ft. of floor space and a cost of one cent 
per man-hour, based on the annual over-all costs of in- 
vestment and operation. 

The Chicago meat packers use air cooling for comfort 
in most of their general office buildings and have done 
so for many years. They have found by experience that 
the cost is well justified in increased efficiency and health 
of employes. 
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ADDITIONAL 


The question of steam pressure and temperature for the 
industrial plant is one of importance to the PIPING 
ENGINEER; this article is a review of the considera- 
tions leading to the choice of steam pressure where pro- 
cess steam is needed and power is generated as a by- 
product. While the article does not go into the factors 
directly concerned with the determination of pipe sizes, 
layouts, etc., it discusses the work preliminary to that, 
and points out the method by a typical example 


EW readers can have failed to notice the marked 
F even in recent years toward high pressure steam 

power plants. The movement was accelerated in 
1925 when the Edgar Station of the Edison Electric 
illuminating Co. of Boston went into operation. This 
station stands as a pioneer among high pressure power 
plants in this country, but since then the movement 


‘Supervisor of Power, West Virginia Pulp & Paper Co., New York 
{ ty. 
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toward higher pressures has gained steadily in momen 
tum. Today there are over half a dozen central stations 
in operation at pressures of 1200 lb. and higher. More 
than thirty central stations operate at pressures between 
300 Ib. and 1200 Ib., we understand. 

The year 1926 witnessed the construction of several 
high pressure industrial plants. There are now nearly 
one hundred such plants operating at pressures of 400 
lb. and upwards. 
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“In order to reduce the total 
cost of power, the ratio of 
by-product power to total 
power must be increased. 
This ratio may be increased 
by: 
Increasing the demand 
for low pressure steam. 
Lowering the pressure of 
the process steam. 
Improving the efficiency 
of non-condensing 
prime movers. 
Raising the initial steam 
pressure.”’ 


® 


Prior to 1925, the average large central station ob- 
tained a kilowatt-hour from about 20,000 Btu at the 
coal pile. The central station today, through the use of 
high initial steam pressures and temperatures, and the 
regenerative and reheat cycles can produce a kilowatt- 
hour with less than a pound of coal, the conversion rate 
closely approaching 13,000 Btu per kilowatt hour. 


Opportunities for Economies When Process Steam 
Is Used 


Industries which use large quantities of steam in proc- 
ess present opportunities for effecting phenomenal econ- 
omies in the generation of power. Before the advent of 
high pressure boilers and bleeder turbines, it was com- 
mon for even large manufacturing concerns to generate 
power by means of straight condensing turbines, and to 
supply process steam direct from boilers. The heat 
equivalent of power so made often ran as high as 50,000 
Btu at the coal pile for each kilowatt-hour. Today, 
with bleeder turbines available, designed to meet the par- 
ticular conditions of a given plant, and with the use of 
modern steam generating equipment, it is possible for 
many industrial plants to generate at least a part of the 
electrical power at the low rate of 5000 Btu per kilo- 
watt-hour. The explanation lies in the difference be- 
tween the operating conditions of the central stations and 
the particular types of industrial plants in which these 
economies may be effected. 

A large group of industries use heat in their processes, 
and when the necessary temperatures are not too high, 
this.heat can be utilized in the form of steam. In this 
category are pulp and paper mills, chemical plants, soap 
factories, laundries, textile mills, and a host of others. 
While in many industries the cost of steam and power 
constitutes but a small fraction of the total manufactur- 
ing cost of the product, the annual coal bill in many 
plants runs as high as—or higher than—a million dollars. 
The possibility of savings on the order of 50 per cent 
in the coal bill warrants serious consideration on the part 
of plant executives and engineers. Economies of this 
order have actually been accomplished in many industrial 
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plants during the past five years by the installation of 
modern high pressure power plants. 


By-product Power 


In designing a modern power plant for an industrial 
organization, the aim of the power engineer is to ap- 
proach the ideal condition in which all the required power 
is generated by the steam used in process. If this goal 
is reached, the cost of the power so made will be re- 
markably low, each kilowatt-hour being produced at the 
expense of about 5000 Btu released at the coal pile. 
Since power is produced by the expansion of steam from 
boiler pressure down to the pressure used in process, it 
follows that the greater the demand for process steam 
and the greater the difference between boiler pressure 
and process pressure, the greater the amount of power 
produced by the process steam. Power so produced is 
usually known as by-product power. As will be seen 
later, the coal equivalent of a unit of by-product power 
does not depend on the thermodynamic efficiency of the 
prime mover. That is to say, the coal cost of by-product 
power is the same, whether made in an inefficient recip- 
rocating engine or in the most highly refined and efficient 


turbine. Neither does the cost depend on the steam 
pressure. These apparently anomalous statements re- 


quire some explanation. 


Secondary Power 


The amount of by-product power produced by a given 
quantity of process steam does, of course, vary with the 
efficiency of the prime mover and with the initial and 
final steam pressures. If the total power demand is 
greater than the amount of by-product power made, the 
balance of the power requirements must be made up from 
another source, frequently at a cost greater than that of 
the by-product power. Such power we may call secon- 
dary power. 


Reducing Cost of Total Power 


Secondary power may be purchased from a source 
outside the plant; it may be generated by condensed 
steam; by Diesel or other internal combustion engines ; 
or by hydraulic engines. The cost of secondary power, 
except in the case of hydro, is usually greater than the 
cost of by-product power. In order to reduce the cost 
of total power, the ratio of by-product power to total 
power must be increased. This ratio may be increased 
by: 

Increasing the demand for low pressure steam. 

Lowering the pressure of the process steam. 

Improving the efficiency of non-condensing prime movers. 

Raising the initial steam pressure. 

There would obviously be no economy in the extrava- 
gant use of process steam merely for the sake of increas- 
ing the amount of by-product power. It is often pos- 
sible, however, to increase the consumption of process 
steam by changing certain process methods, working up 
waste products, increasing production, or by supplying 
neighboring plants with low pressure steam for heating 
or other purposes. 


Increased Pipe Sizes May Be the Answer 


Much may be done in the way of reducing the pressure 
of the process steam in the average plant. In numerous 
instances, increasing the size of steam piping has effected 
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economies which have paid for the piping changes the 
first year. By reducing the pressure drop in the steam 
piping, a lower exhaust pressure can be maintained in 
the power plant, thus increasing the amount of by-prod- 
uct power generated. Again, there are many processes 
using steam at relatively high pressure which could 
equally well use steam at far lower pressure. In some 
cases the determining factor is the temperature and not 
the pressure. In others, it is the total heat quantity, irre- 
spective of either temperature or pressure, which is im- 
portant. If means can be found to utilize steam at lower 
pressures, the gain in reduced power costs will usually 
pay for the necessary process changes. 


Replace Inefficient Prime Movers 


The replacement of inefficient prime movers with 
others of higher efficiency will increase the amount of 
by-product power. In some cases the replacement of 
steam drives with motor may bring about a reduction in 
the cost of power, although each case of this sort re- 
quires special study. It frequently happens that the 
electrical transmission and conversion losses over-balance 
any gain in efficiency of prime movers. 


Or, Perhaps High Pressure Steam 


Finally, after the three foregoing possibilities have 
been investigated, there remains the question of generat- 
ing steam at high pressures. This is undoubtedly the 
age of high pressure steam. Boiler manufacturers are 
prepared to make steam generators for practically any 
pressure. Research will doubtless evolve alloys which 
will successfully withstand considerably higher tempera- 
tures than those of today, in combination with high 
pressures. 


Necessity for Re-heating 

Equipment is available for temperatures to 750 F in 
combination with pressures of 1800 Ib. per sq. in. With 
higher temperatures, the use of the re-heat cycle could 
be avoided. The need for re-heating when high initial 
steam pressures are used is an obstacle in the way of 
adoption of extremely high pressure by the average in- 
dustrial plant because of the cost of the re-heating equip- 
ment ; the carrying charges on the investment may offset 
the savings due to increased thermal economy. 

If the initial steam pressure is sufficiently high so that 
all power generated is by-product power, there will, of 
course, be no need for a condensing turbine. Expansion 
of the steam will stop when the lowest process pressure 


is reached. Ina case of this kind, the necessity for re- 
heating is determined partly by the amount of moisture 
tolerable in the turbine and partly by the requirements of 
the process in regard to the quality of the process steam. 
Some drying processes, for example, are accelerated by 
the use of dry saturated steam in place of superheated 
steam. This is due to the high rate of heat transfer be- 
tween the steam and a wetted metal surface. Other 
processes are of such a nature as to require dry steam. 


Process Steam a Conveyor 

When steam is used in process, it serves as a conveyor 
of heat. Usually the substance of the steam is not con- 
sumed in the manufacturing process. The manufactur- 
ing departments require delivery of heat by the power 
plant at a given rate. The number of pounds of steam 
to be delivered, therefore, depends on the heat content 
of each pound. This fact must be considered when the 
design of a high pressure power plant is contemplated. 
If there are special requirements as to the pressure or 
temperature of the process steam, these facts, too, must 
not be overlooked. 


Supplying Process Steam for a Typical Plant 


In order to illustrate the application of some of the 
principles described above, consider the problem of de- 
termining the necessary pressure at which steam must be 
generated in a typical industrial plant, fixing the primary 
condition that the process steam shall generate all the 
necessary power, without the necessity of rejecting any 
heat to power house condensers. The steam demands 
are: 

50,000 Ib. per hr. at 130-lb. gage dry saturated (no objection 
to superheat). 

100,000 Ib. per hr. at 20-Ib. gage, 5 

The power demand is 5,000 kw. 


F superheat. 


All of these demands are variable, particularly the de- 
mand for power and 130-lb. steam. We will assume that 
the amounts given represent the average demands 
throughout the year and arrive at an approximate solu- 
tion, later correcting the result to meet the actual con- 
ditions. 

Since the quality of the 20-lb. steam is specified, this 
demand will constitute the starting point of the solution. 
The heat content of 20-lb. steam at 5 F superheat is 1169 
Btu per lb. The requirement of 50,000 Ib. per hr. of 
130-lb. dry saturated steam is more conveniently ex- 
pressed in terms of heat units. Each pound of 130-lb. 
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dry saturated steam contains 1193 Btu. Thus, the 130-Ib. 
demand is for 50,000 1193 or 59,650,000 Btu per hr. 


Use of Mollier Diagram 


For the sake of simplicity, assume that two simple 
non-condensing turbines will be used for the generation 
of power, both taking high pressure steam at their throt- 
tles; one exhausting at 130 lb., the other at 20 Ib. As- 
sume also that the Rankine cycle efficiency of each unit 
is 70 per cent, considering the overall performance of 
the turbine generator units in terms of power delivered 
at the switchboard. By means of the Mollier diagram, 
this problem can be solved graphically. The initial con- 
dition of steam necessary for the fulfillment of the 
above conditions is 340-lb, gage, 170 F superheat. 

It is possible to solve a problem of this type analyti- 
cally. The author has worked out a general expression 
for the initial state point of steam necessary for a bal- 
ance between process steam 
and power demands with 
given conditions similar to 
those described in the pres- 


ent problem. The applica- 


tion of the method, how- I3 
ever, is a tedious process in- 
volving, finally, the solution 
of a second degree equa- 
tion. The graphical method 
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is quicker and the solution can be found with only a few 
trials. 

Referring to Fig. 3, showing a portion of the Mollie: 
heat entropy chart, the first step is to seiect trial point 
on the pressure line marked 35 Jb. abs. Each trial point 
represents the theoretical condition of steam exhausted at 
20-Ib. gage from a turbine with 100 per cent Rankin 
cycle efficiency ; in other words, one which converts 100 
per cent of the available heat into power. 

Suppose the first trial point is taken at the intersection 
of the 35-lb. pressure line and the 1110 Btu total heat 
line. The actual heat of the 20-Ib. steam desired is 1169 
Btu per lb. The difference between the actual desired 
heat of the steam and the heat content of the exhaust 
of the ideal turbine (1169 — 1110 = 59) known as th« 
reheat, is 30 per cent of the available heat (since the as 
sumed efficiency of the machine is 70 per cent). There 
fore, the available heat from throttle state point to 
exhaust is 59 — 30 per cent, 
or 196 Btu. 

Adding 196 to the total 
heat at the trial point 
(1110), we get 1306 Btu as 
the total heat of the throttk 
steam corresponding to the 
trial point. By proceeding 
vertically upward on_ the 
Mollier chart from the trial 
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point to the horizontal line representing a heat content of 
1306 Btu we read the pressure and total temperature of 
the throttle steam. 

We can now check back and determine whether throt- 
tle steam at this pressure and temperature, in the quanti- 
ties demanded by the process, will develop the necessary 
amount of power. First, take 70 per cent of the avail- 
able heat to 20 Ib. (.7 & 196) which gives 137 Btu per 
lb. of 20-lb. exhaust which is converted to power. By 
dividing 3415 (the heat equivalent of 1 kw.-hr.) by 137, 
get the water rate of the turbine exhausting at 20 lb., 
which is 24.9 Ib. per kw.-hr. Since this turbine exhausts 

100,000 
100,000 Ib. of steam per hr., it develops ———— 
kw. 24.9 

Now determine the power developed by the turbine 
exhausting at 130 Ib. Starting from the state point of 
the throttle steam and descending the same vertical line 
as before, stop at the 130-lb. pressure line (145 Ib. abs.) 
and read the heat content as 1224 Btu. The available 
heat from throttle to 130-lb. exhaust is therefore 1306 
— 1224 = 82 Btu. 70 per cent of this amount of 
heat (57 Btu) is converted to power, hence the actual 
heat content of the 130-lb. exhaust steam is 1306 — 57 = 
1249 Btu per lb. The water rate of this turbine will be 
3415 


== 4020 





== 59.9 Ib. per kw.-hr. 
o/ 

Since the process requires 59,650,000 Btu per hr. at 
130 Ib. and since each pound of 130-lb. steam contains 
1249 Btu, the process will require 47,800 Ib. per hr. of 

47800 
The turbine will develop ———— = 800 
59.9 


130-lb. steam. 
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kw. The two turbines will have a combined output of 
4020 plus 800 or 4820 kw., which is less than the 
necessary amount of 5000 kw. This result indicates that 
other trial points must be taken. 

Table 1 
trial giving 5030 kw. as the combined output of the two 
machines, which is near enough to 5000 kw. for practical 
purposes. By spotting the initial state point at the in- 
tersection of the horizontal line representing a total heat 
of 1311 Btu with the vertical line through the final trial 
point, we can read the pressure and superheat direct 
from the chart. These are found to be 340 Ib. gage (355 
lb. abs.), 170 F superheat. 


shows the results of three trials, the third 


TABLE | 
Trial 1 Trial2 Trial 3 
Actual heat at 20 Ib............0.055. 1169 1,169 1,169 
Total heat at trial point..............+. 1100 1,110 1,108 
SE Me in Van cncudeoeRaadcuganseds 69 59 61 
Available heat 20-lb. turbine 
100 
— reheat B............. peas 230 196 203 
30 
SE. TE Ce, ntkieuvwceedpae 1330 1.306 1,311 
Initial pressure (lb. abs.).............. 475 320 355 
Heat at 130 Ib. (ideal expansion)....... 1,211 1224 1,222 
Available heat, 130-lb. turbine........... 119 82 89 
Heat converted to power, 130-lb. turbine. . 83 57 62 
Water rate, 130-lb. turbine, Ib. per kw.-hr. 41.2 59.9 55.1 
Actual heat of 130-lb. steam............. 1247 1,249 1,249 
Lb. 130-lb. steam used per hour.......... 47,800 47,800 47,800 
Heat converted to power, 20-lb. turbine. . 161 137 142 
Water rate, 20-lb. turbine, lb. per kw.-hr. 21.2 24.9 24.04 
Power from 130-lb. turbine............ 1,160 800 870 
Power from 20-lb. turbine.............. 4,720 4,020 4,160 
be er ree ere ee 5,880 4820 5,030 
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“It behooves the wide-awake industrialist to 
prepare for the replacement of present plant 


© 


long before its apparent usefulness has been out- 
lived. By so doing, he is prepared to cope all the 


more successfully with the increasing difficul- 


Process Demands Not Constant 


Having found the pressure and temperature at which 
steam must be generated in order that the two turbines 
shall generate 5000 kw. with a flow of 50,000 Ib. per hr. 
through the machine exhausting at 130-lb. back pressure, 
and a flow of 100,000 Ib. per hr. through the unit ex- 
hausting at 20 Ib., it next becomes necessary to consider 
the fact that the process demands for steam and power 
are not constant, but vary between certain limits. Since 
it is desirable to eliminate the need for condensers, the 
steam pressure must be sufficiently high to satisfy the 
maximum demand for power which can exist at times 
of a minimum demand for process steam. 


Allow for Future Trends 


Naturally an analysis of the momentary demands for 
power and steam requires a vast amount of time and, 
after its completion, there still remains the uncertainty 
of the future trend of these demands. If the plant ex- 
pands, increasing its production, it is possible that the 
demands for power and steam will increase in the same 
proportion, in which case it is necessary only to increase 
the capacity of the steam and power generating units. If, 
however, as is usually the case, the demands for power 
increase at a greater rate than the demands for process 
steam, it is necessary for the designer to prepare for this 
condition by selecting a steam pressure high enough to 
insure the production of the necessary power at all times 
in spite of a relatively smaller demand for steam. 


May Require Higher Pressure 


It is necessary, therefore, to go above the balancing 
pressure, and since the required investment in power 
plant equipment will not increase in direct proportion to 
the pressure, it may prove feasible to go to 400 lb. or 


ties of modern competition.”’ 





even 500 Ib. with a corresponding increase in the total 
temperature of the steam. In this example, it is quite 
likely that the selection of 500-lb. pressure boilers would 
be justified. 


Reducing Valve and Desuperheater 


Provision must be made for passing steam through a 
reducing valve and desuperheater in order that the proc- 
ess may be supplied with the necessary steam at times 
of reduced demand for power, when, of course, the tur- 
bines will exhaust insufficient steam to satisfy the process 
demands. 

The problems of regulating the flow of steam through 
the turbines and reducing valve to maintain a constant 
frequency of the electric current, and constant pressures 
in the process steam lines, require painstaking study on 
the part of the designer. Much development work re- 
mains to be done by manufacturers of control apparatus, 
but continual progress is being made. Plant engineers 
can assist in this work by placing their problems in the 
hands of the manufacturers of this type of equipment. 

There is no royal road to the attainment of the ideal 
industrial power plant. Certain operating difficulties in- 
crease when high steam pressures and temperatures are 
employed for the generation of power. Standardized 
high pressure equipment cannot yet be picked off the 
shelves of the manufacturer’s warehouse. The progress 
made during the last few years in the development of 
modern power plant equipment presages more remark- 
able progress for the future. It behooves the wide- 
awake industrialist to prepare for the replacement of 
present plant long before its apparent usefulness has 
been outlived. By so doing, he is prepared to cope all 
the more successfully with the increasing difficulties of 
modern competition. 





Two Valuable Articles Appear Next Month 


Piping engineers will find Harvey A. 
Wagner's discussion of the theory of design 
for piping a valuable part of the next issue 
of HEATING, PIPING AND AIR CON- 
DITIONING. In it, the author considers 
the Clavarino, Birnie and Barlow formulas; 
important phases of the problem are de- 
scribed clearly and are fully illustrated 
with diagrams. 





How to save money in motor operation 
is the subject of Louis Mackler’s article 
which will appear in the August issue of 
HEATING, PIPING AND AIR CON- 
DITIONING. In it, the author shows just 
what over- or under-voltages mean in regard 
to the cost of driving fans, pumps, etc., by 
motors; he also describes the remedies. 
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By I. CG. Baker* 


AINTAINING constant and desirable air con- 
ditions in the press room is a problem of con- 
siderable importance to every printing and 

lithographing plant in that variations in temperature and 
humidity result in troubles which materially reduce pro- 
duction, increase costs and interfere with high quality 
work. Air conditioning may, therefore, be considered as 
a production problem and its value determined on the 
basis of lower printing costs. 

The deformities of paper such as wavy edges, buckling, 
curling, creasing, stretching and shrinkage caused by 
variations of atmospheric conditions in the press room 
are production problems which can be minimized or en- 
tirely eliminated by maintaining uniform and correct 
temperatures and humidities. 

Static, offset, roller troubles, variations in ink, dust 
and other press room problems causing non-productive 
hours for the presses are also usually caused by improper 





t From an address at 44th Annual Convention of United Typothetae 
of America. (Appeared in Typothetae Bulletin, November 10, 1930.) 
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air conditions, and can be definitely controlled by proper 
air conditions. 


Object of This Discussion 





The object of this paper is to discuss briefly 


The physical properties of air. 

The variations which exist in the outside atmosphere and 
in unconditioned press rooms. 

The effect of variations in atmospheric conditions on 
paper, 

The effect of variations in air conditions in the operation 
of the press room. 

The effect of temperature and humidities on the health 
and comfort of the press men. 

Proper and economical temperatures and humidities in 
the press room. 

Data on initial and operating costs of air conditioning or 

humidifying systems. 





Interesting data on the initial and operating 
costs of air conditioning systems with and 
without refrigeration are included ‘in |. C. 
Baker's paper on air conditioning press 
rooms. 

In this article, the author shows what air 
conditioning can do in improving pro- 
duction and decreasing costs in printing 
plants and discusses the methods of doing 
it. Industrial air conditioning is growing so 
that this is an article to be studied with care. 
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The Physical Properties of Air 


Air as we usually find it is essentially a mixture of 
oxygen and nitrogen containing a variable amount of 
moisture or water vapor and also impurities in the form 
of vapors, gases and finely divided solid particles, usually 
referred to as dust. 

We are all familiar with the fact that air may be either 
hot or cold and we usually judge the temperature of the 
air by our personal state of comfort or by consulting 
the ordinary thermometer. The temperature of the air 
in the press room in the winter may be kept at a satis- 
factory point by means of various types of heating sys- 
tems. The moisture content of the air, however, usually 
referred to as its humidity, is of prime importance in the 
press room and unfortunately varies over a wide range. 

Air can hold only a certain amount of water vapor 
at a given temperature. For instance, at zero degrees 
Fahrenheit, which is a common outdoor temperature in 
the winter, air is capable of containing approximately 
¥ of a grain of moisture per cu. ft. (a grain of moisture 
being 1/7000th part of a pound) whereas at 70 F the 
same air is capable of containing approximately 8 grains 
per cu. ft. Relative humidity may be defined as the 
amount of moisture actually in the air compared to the 
amount it is capable of containing when saturated or 
when it holds all the moisture it is capable of holding 
at any particular temperature. Air when saturated is 
said to have a relative humidity of 100 per cent. 

Necessity of Humidification 

From the facts just stated one may readily see why 
we have such low humidities in the press room without 
humidification in cold weather. If outside air at zero 
degrees and 100 per cent relative humidity either leaks 
in or is blown into a press room, containing % grain per 
cu. ft., which is all the moisture it is capable of con- 
taining, and when in the press room has a temperature 
of 70 degrees and is then capable of containing 8 grains 
per cu. ft. it is obvious that the air in the press room 
will be only % divided by 8 or 1/16th saturated or will 
have a relative humidity of 6% per cent; an extremely 
dry condition. 

Thus it can be seen that air is not actually dried when 
heated as water vapor has not been removed but rather 
the capacity of the air to hold moisture has been in- 
creased and thus the air at the higher temperature and 
the correspondingly lower relative humidity will absorb 
moisture more readily from paper or any hygroscopic 
material, such as rollers, with which it comes in con- 
tact. 

Variations in Outside Air 

The author has kept a continucus record for the past 
year of dry and wet bulb temperatures by means of a 
recording dry and wet bulb thermometer which reveals 
interesting facts. During January, 1930, the range in 
outdoor temperatures was from a maximum of 64.3 F 
January 9 to a minimum of —2 F on January 19. The 
greatest range in this month for a 24-hour period or 
single day is from a maximum of 58 F on January 10 to 
a minimum of 21 F on January 11. This change of 
temperature is capable of producing changes in relative 
humidity in the unconditioned press room from 65 per 
cent to 6 per cent during the, month and variations of 
nore than 40 per cent in relative humidity during a single 
day. 
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During the month of August, 1930, the total range of 
outdoor temperatures varied from 102.5 F on August 4 to 
52 F on August 13 with variations of relative humidities 
ranging from 17 per cent to 90 per cent. 

From this data it is possible to see, if relative humid- 
ities must be maintained constant at some given point, 
that humidity control is quite essential in summer as well 
as in winter and presents a rather complex problem for 
the air conditioning engineer if he is to maintain con- 
stant conditions at all times of the year. 

In the press room, the heat given off by the presses 
and occupants together with the heat added by the sun 
effect on walls, windows and the roof, further adds to 
the temperature in the press room in summer and thus 
to the moisture carrying capacity of the air. 


The Effect of Variations in Atmospheric Conditions 
on Paper 

Paper is essentially cellulose made principally from 
wood, cotton and linen to which is added filler to make 
the paper opaque and smooth and a sizing of glue, rosin 
or starch to add to its strength and make a better surface 
to hold the ink. 

Paper absorbs or gives up moisture very readily de 
pending principally on, the relative humidity of the air 
with which it comes in contact. As the paper absorbs 
moisture the individual fibers swell, thus causing the 
entire sheet to become larger and wider. Due to the fact 
that the fibers align themselves in the direction of move- 
ment of the paper machine as the paper is manufac- 
tured and also due to the fact that they swell more in 
diameter than they increase in length the greatest stretch 
is at right angles to the paper machine travel. 

Paper will absorb moisture in proportion to the relative 
humidity of the air surrounding the sheet and, there- 
fore, its dimensions will vary with the relative humidity 
of the air. The average change of dimension of a 38-in. 
sheet across the machine with a change of 30 per cent in 
relative humidity will be approximately one-sixth of an 
inch and usually about one-twelfth of an inch in the 
direction of travel of the machine. This change of 
dimension which, as has been shown may occur during a 
single day, is sufficient to destroy the register where 
multi-color work is being run. 

The center of a pile of paper is under heavy pressure 
and it is practically impossible for the air to penetrate 
into the center of the pile. In case the paper in the pile 
absorbs moisture the outside edges of the paper increase 
in length compared to the center of the paper, thus 
causing the wavy edges which make feeding of the 
presses difficult. In case the paper dries at the edges 
due to a decrease in the relative humidity, it will be 
found that the outside edges of the paper will shrink, 
thus causing the paper to bulge in the center. The 
bulging of paper also makes feeding difficult and is likely 
to cause creasing as the paper goes through the press. 
It will, therefore, be seen that in order to prevent wavy 
edges and buckling of the paper that it must be held at 
somewhat near the same conditions at which it is re 
ceived from the mill. 


Paper Manufacturers Must Air Condition Plants 


Although paper manufacturers give considerable at 
tention to the weight of the paper as it leaves the ma- 
chine they have given little attention to the proper air 
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conditions surrounding the paper after it leaves the ma- 
chine and has passed into the calender room, finishing 
rooms, and stock rooms. If these rooms are not main- 
tained at the proper humidities the paper will lose or 
gain moisture before it is packed, and therefore, may 
reach the printer with varying moisture content. 

It will probably never be possible to entirely eliminate 
the effect of wavy edges, shrinking and creasing, unless 
the paper manufacturers air condition their finishing, 
calender and store rooms, so that the printer can depend 
on uniform moisture content of the paper as received. 


There is an increased interest on the part of paper 
manufacturers in air conditioning systems for their 
plants. Recently several installations have been made in 
a large paper mill in Pennsylvania with automatic con- 
trol of the temperature and humidity for the finishing 
and calender departments. 

If the paper manufacturer would properly condition 
his plant so as to have a uniform moisture content of 
the paper and if the stock and press rooms in a printing 
plant were conditioned for the same relative humidity, 
it can readily be seen that the annoyances from paper 
distortions before the paper is put on the press would 
be eliminated. 


Cooperation Needed 


If constant conditions are maintained continuously 
many of the production problems in the press room are 
eliminated. However, it is not going to be possible to 
eliminate entirely all of the troubles due to paper dis- 
tortion until there is a standard set for press room 
operation whereby all press rooms will be maintained at 
approximately the same relative humidity and until the 
paper manufacturers co-operate to the extent of making 
all of their paper normal to the same conditions which 
have been selected for the press room. I would like to 
suggest at this time that a committee composed of the 
printers, lithographers, paper manufacturers and air con- 
ditioning engineers be given the problem of determin- 
ing the relative humidity which should be carried 
uniformly in all press rooms, in order that the paper 
manufacturers might send out their paper normal to one 
definite humidity which would be universally adapted 
to ait conditioned press rooms, regardless of the kind 


of paper. 


Effect of Variations in Air Conditions on the Oper- 
ation of Press Rooms 


Static electricity is a press room problem resulting in 
sheets adhering to each other, offsetting and making 
necessary expensive slip sheeting and loss of time on 
the presses. Static electricity is generated by the friction 
of paper as it goes through the press. Dry air being 
almost a perfect insulator prevents the paper from dis- 
charging its electricity, with the result that the printed 
sheets are attracted together at the delivery end, pressing 
the wet ink against the next sheet and thus causing 
offset. Moist air being a conductor of electricity permits 
the sheet to lose its charge and thus permits an air cush- 
ion to form between the sheets that eliminates offset, 
permits more rapid drying of the ink and allows the 
paper to be more easily handled. Neutralizers eliminate 
some of the trouble due to static and are helpful even 
in the conditioned press room, but do not solve the prob- 
‘em as completely as does maintaining proper humidities. 
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Rollers, being a mixture of glue and glycerine, absorb 
or give up moisture due to variations in relative humid- 
ity the same as paper. Absorbing moisture in high 
humidity air, they increase in diameter as much as 
one-quarter of an inch, causing the roller to ride the 
form, fill up the plates and result in dirty jobs with the 
necessity of frequent washups and loss of time. Fre- 
quent adjustment of rollers is also necessary where vari- 
ations of relative humidity occur. The tack of the rollers 
is also affected by the moisture content and when the 
rollers become too wet they lose their affinity for the 
pigment of the ink. Proper and constant air conditions 
in the press room lengthen the life of rollers and permit 
the use of one grade of rollers throughout the year. 

Destruction of register due to change of dimensions of 
the sheet between runs is a direct result of changes of 
relative humidity and causes costly delays for re-register- 
ing or waiting until the humidity condition changes. 

High humidities and the resulting high moisture con- 
tent of the paper have a decided effect on the absorption 
of the ink. Wet paper retards absorption and causes 
spreading; paper too dry causes too rapid absorption 
and too deep penetration of the ink. 

Changes in temperature have little effect on paper but 
do affect press room operation, particularly the condition 
of the ink and rollers. Most inks flow best at tempera- 
tures from 70 to 80 F. This range of temperature is 
also best for the rollers. 


Effect of Temperature and Humidities on the Health 
and Comfort of the Press Men 


The effect of temperatures and humidities in the press 
room on the health and comfort of the employes is an- 
other factor in production, as there can be no denying 
the fact that comfortable employes turn out more and 
better work. By producing comfortable and healthful 
conditions labor turnover can be reduced to a minimum 
and lay-offs due to sickness avoided. 

An extended study of atmospheric conditions to pro- 
mote human comfort has been conducted by the Amer- 
ican Society of Heating and Ventilating Engineers in 
conjunction with the U. S. Bureau of Mines at its lab- 
oratory in Pittsburgh. Effective temperatures have been 
determined experimentally which express a person’s feel- 
ing of warmth or cold for various combinations of tem- 
peratures, humidity and air motion. Generally, higher 
humidities should be accompanied by lower terapera- 
tures for the same degree of comfort. 


Proper and Economical Temperatures and Humid- 
ities in the Press Room 


In winter it has been found that most persons slightly 
active are most comfortable at an effective temperature 
of 64 F, which corresponds to a temperature of approx- 
imately 67% F at 50 per cent relative humidity, although 
the range of the comfort zone extends from 65 to 74 F 
at 50 per cent relative humidity. For press room condi- 
tions the upper part of the range should be used with 
temperatures preferably held between 70 and 72 F. 
These temperatures, with a corresponding relative hu- 
midity of 50 per cent, are best adapted as far as pro- 
duction is concerned and are satisfactory from a health 
and comfort standpoint. 

During the summer the temperatures producing max- 
imum comfort vary with the outside temperatures. When 
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a temperature of 95 F exists outside an inside tempera- 
ture of 80 F will be found comfortable. Likewise at 
85 F outside, a 77 F temperature will be comfortable, 
while at 75 F outside a temperature of approximately 
73 F will be comfortable. 

Where press rooms are to be held at a constant tem- 
perature during the summer season a temperature of 
80 F is satisfactory from the comfort standpoint and 
also economical from an operating standpoint as far as 
the air conditioning system is concerned. 


Initial and Operating Costs of Air Conditioning or 
Humidifying Systems With and Without Refriger- 
ation 


It is a complex problem to determine initial and oper- 
ating costs, due partly to the variations in the nature of 
the buildings, which determine to a great extent the 
size and capacity of the air conditioning equipment which 
must be installed. Press rooms with large exposed roof 
areas and skylights have a larger heat load due to the 
sun effect in the summer time and greater exposure in 
the winter time. The spacing of presses in the press 
room is also a variable which makes it impossible to 
apply rules for determining operating costs and fixed 
investment generally. 

Another factor which varies the cost of air condition- 
ing equipment is the load factor. It will usually be found 
that the actual current consumption is about one-third of 
what might be expected when considering the total 
horse-power installed on the presses. 

However, several jobs have been analyzed with both 
unit air conditioners and with central systems and it has 
been found that a volume of air will have to be supplied 
which will give an average of a ten-minute air change 
for distribution purposes and also to absorb the heat 
which is generated and flows into the room from the 
outside. On this basis the operating and fixed charges 
of the air conditioning system with and without refrig- 
eration reduced to cost per 1,000 cu. ft. of space con- 
ditioned can be approximated. 

There has been found very little difference in the initial 
cost between unit type of air conditioning systems and 
the central typewf air conditioning systems, although this 
statement is not true for all types and kinds of buildings 
as the construction costs vary over quite a range, depend- 
ing on where the equipment is to be located and the 
structural changes necessary in the building itself. Air 
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conditioning systems with air washers or humidifiers of 
the unit or central type, including automatic control 
and including the necessary radiation for heating the 
building will usually vary from $20.00 to $30.00 per 
thousand cubic feet of space with an average of $25.00 
for press rooms having a content of approximately 
150,000 cu. ft. For very small press rooms the cost may 
reach $100.00 per thousand cu. ft. From this figure 
should be deducted (in a new press room) the cost of in- 
stalling the heating system which the air conditioning 
system replaces. 

For the sake of comparison, and to point out the 
method, we will assume that the average allowance for 
direct steam radiation would be approximately 25 sq. ft. 


of radiation per 1,000 cu. ft., and we will assume that 
the probable cost is in the neighborhood of $0.75 per sq. 
ft., thus making the cost of the heating system approxi- 
mately $18.75 average per 1,000 cu. ft. of space heated, 
exclusive of the boiler and main piping which would be 


common in both systems. When this is deducted from 
the average cost of the air conditioning system, it will 
be found that the air conditioning system would cost 
$6.25 a thousand cu. ft. of space in addition to the usual 
cost of the heating system. 

In one plant analyzed it has been found that a press 
room containing 12 cylinder presses has a content of 
180,000 cu. ft. Dividing the cubical contents by the 
number of presses gives 15,000 cu. ft. per press. The 
initial cost of an air conditioning system without re- 
frigeration would then be approximately $375.00 per 
press, or if the cost of the heating system is deducted 
(according to our assumption) a cost for air conditioning 
of approximately $94.00 per press. The total cost of 
the air conditioning system, including refrigeration, in 
the particular case cited above, would be approximately 
$750.00 per press. 

On the same basis the air conditioning system without 
refrigeration would have an operating cost due to power 
consumption, on the basis of an electrical current rate of 
2c per kw.-hr., of approximately one-tenth of a cent 
per 1,000 cu. ft. space per hour. 

If refrigeration were added to this system the addi- 
tional cost of the refrigeration during the season of the 
year that it was operated would be approximately three- 
tenths of a cent per 1,000 cu. ft. of space per hr. This 
estimate is based on using a cooling tower for the con- 
denser. It is often customary to estimate depreciation, 
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obsolescence and interest on the equipment of this type 
on the basis of 16 per cent per year which allows 6 per 
cent for interest and 10 per cent for depreciation and 
obsolescence. 

On the basis of the entire investment without deduct- 
ing for the heating system, or approximately $375.00 
per press as the initial cost of the air conditioning sys- 
tem without refrigeration, it can be seen that the fixed 
charges per press per year would be $60.00. Dividing 
this yearly fixed charge by the number of hours per 
year gives an hourly fixed charge per press of 0.685c. 
Again on the basis of 15,000 cu. ft. of space per press 
and at the rate of one-tenth of a cent per hr. per 1,000 
cu. ft. of space, it will be seen that the operating expense 
will be one and five-tenth cents per hour per press. The 
total fixed and operating costs would then be approx- 
imately 2.185c per hour per press. 

Considering an air conditioning system equipped with 
refrigeration with a total initial investment of $750.00 
per press, the yearly fixed charge on the basis of 16 per 
cent would amount to $120.00. However, in figuring the 
hourly rate, one should take into consideration the num- 
ber of days the refrigerating machinery would run which 
would vary depending upon the climate in the particular 
location of the plant. Assuming 150 days’ operation at 
10 hours a day, or 1,500 hours operation per year, the 
fixed charge would amount to 8c per hour per press for 
the actual operating season. 

The operating costs during the time the refrigerating 
plant was in operation would be .4c 15, or 6c per press 
hour. 

Figuring the fixed charges on the basis of the actual 
operating time as just stated where we arrived at a 
fixed charge of 8c per press hour and 6c per press hour 
for operating current, it can be seen that the entire cost 
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of the system for summer operation would be 14c per 
press hour whereas, in the winter time when only the 
air washer was in operation, the cost would be reduced 
to 2.185c per press hour. 

The fixed and operating charges have been reduced 
to press hours in order that there might be a comparison 
with the cost of running the press which would probably 
run from $4.00 to $6.00 per hour. 


Savings 


From this comparison it is seen that the cost of the 
air conditioning system in comparison to operating the 
press is very small, in fact almost negligible, and if the 
air conditioning system would make the presses more 
productive or say, if an appreciable amount of time that 
the presses might be shut down due to the lack of an 
air conditioning system were saved, that it would take 
comparatively few hours of non-productive time on the 
presses to pay for the operation of the air conditioning 
system. 

Another way of looking at this problem is that if an 
air conditioning system would make a $6.00 an hour 
press 10 per cent more productive the air conditioning 
system at 14c an hour would show a profit of 46c per 
hour per press during the summer and approximately 
58c per press hour during the winter. 

There are other things to be taken into consideration 
that are difficult to measure in dollars and cents: good- 
will of the custmers due to better work, increased volume 
of business due to high class work, reduced labor turn- 
over, the health and comfort of the employes and many 
other factors of a similar nature which should be cred- 
ited to an air conditioning system which would greatly 
increase the profit that one might expect from its opera- 
tion. 


























Air conditioning engineers should be parti- 
cularly interested in the announcement of the 
Baltimore and Ohio Railroad that its train, 
“The Columbian,” between New York City 
and Washington, D. C., is air conditioned 
from head end to observation end. Starting 
in service May 24 this is a progressive step 
in the control of temperature and humidity for 
human comfort and health. The forerunner 
of the “comfortable Columbian’ was the 
‘Martha Washington,’ the dining car con- 
ditioned in the spring of 1930. Undoubt- 
edly, other roads will follow suit—several 
are now operating conditioned diners and 
wide interest is shown by railroad men. 
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Each car has its own air 
conditioning unit . . . win- 
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cleanliness and quiet .... 
automatic control of temp- 
erature and humidity ... . 
the first train in history to 
be air conditioned com- 
pletely. 


By means of improvements in the white water pip- 
ing system, the Port Huron Sulphite & Paper 
Company has reduced its loss of good stock from 
about 8 to 5 per cent. Also, the quality of the 
stock has been improved, sources of dirt being 
eliminated through careful piping design. This 
article tells the story of this excellent example of 
what proper industrial piping can do to produc- 
tion and costs 
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provements the Port Huron Sulphite and Paper 
Company began last year the revamping of their 
screen room white water system. 

The system is now complete, and is a valuable im- 
provement, both from the standpoint of efficient use of 
the white water and in the cleanliness of the paper stock 
produced. The loss of good stock has been reduced from 
about eight to five per cent, and the quality of the stock 
has been visibly improved, due to the fact that sources of 
dirt have been eliminated by careful design. 


Use of “White Water” 


In a sulphite pulp mill a large quantity of water is 
used as the medium for conveying the fibers and fiber 
bundles from point to point in the process of refining, 
which is necessary to the production of high quality 
paper stock. Eventually most of the water is separated 
from the stock by passing the mixture of stock and 
water over a screen of fine mesh which catches the 
fibers, allowing the water to pass. Normally such screens 
have seventy or more meshes per inch. The water so 
removed always contains some good fibers, and fre- 
quently carries large amounts of valuable chemicals 
which have been added at various points in the process. 
This water is called “white water” and great economy 
results from returning to the system as much of it as 


[' LINE with an extensive program of mill im- 





Loss of good stock is reduced by this pro- 
cedure, and the cost of water may or may not be reduced, 


possible. 


depending on the source of fresh water. If fresh water 
is pumped from an elevation much lower than the mill, 
or purchased, a saving in pumping cost will usually result 
from re-use of white water. 

The advantages of re-use of the sulphite mill white 
water have long been realized, and at Port Huron, a 
system for returning large quantities of it to the flat 
screens, where the final refining is accomplished, has 
been in operation for some years. 


New Arrangement Installed 


At the beginning of 1930 several portions of the screen 
room white water system were in need of replacement, 
and rather than recondition the old system it was decided 
to install a complete new arrangement. Fig. 1 is a flow 
diagram of the sulphite mill and shows the white water 
circuit as it exists in the new system. 

The first consideration in the design of the new lay- 
out was cleanliness. A piping material which would 
remain clean inside and out was essential. 

Piping for this purpose is surrounded by an acid 
atmosphere most favorable to corrosion. In addition a 
deposit qf a black and pasty nature may form on the 
inside of some kinds of pipe. 


Lay-out of System 


The system is laid out as shown in Fig. 2, with a 
main header at one side of the screen room, hung away 
from over the screens. An 8-in. header is required, and 
is made of spiral pipe, leadized after fabrication. This 
header supplies three 4-in. copper branches which in 
turn each supply four 2-in. down spouts. There are 
sixteen flat screens served by this system; four parallel 
banks with four screens in series in each bank. The 
2-in. down spouts add white water to the fiber and water 
mixture between adjacent screens in each bank. 

At one end the 8-in. header receives white water from 
the removal pumps of either or both of two sulphite 
lap machines. At the other end the header receives 
water from the white water pump of the secondary 
washers. Floating on the header is a tank of 4,700 gal. 
capacity into which two wet machines in the bleach plant 
discharge white water. This tank also has a connec- 
tion for fresh water make-up, which is controlled by a 
float valve, and a direct connection to the sulphite lap 
machines mentioned above. An emergency overflow line 
to the sewer prevents the tank from running over and 
flooding the screen room. Fig. 2 shows these connec- 
tions. 

From the bottom of the tank an 8-in. leadized line is 
taken across the screens to the head box of a large paper 
machine and also to the white water pump of that paper 
machine. A branch of 6-in. copper tubing runs from 
this 8-in. line to the primary washers and the knotter 
head box. 


Piping Arranged for Easy Cleaning 


In the case of all lines feeding white water into the 
screens, provision has been made for easy and thorough 
cleaning of the interior of the pipes. Each end of each 
line terminates in the run of a tee, or equivalent, which 
is blanked off. All that is necessary for inspection or 


cleaning of a line is removal of the blind flanges at each 
562 












Heating -Piping 

























































































































































































































































































GOOD STOCK 
REJECTIONS 

WHITE WATER 
FRESH WATER 

















KNOT 
GRINDER 


TO SAVEALL 
@Q= -— . =e 


| 








July, 1931 and Air Conditioning 
bce : 
39 
so ; : 
piers > a | 
: | . = — 
fl ao se 
! a lef 
ane se 1 4| — 3 
a 3 = ost 
' EF ' >: - ’ : 
ee 7 | S-f aes, ES 
5 ae 2 2 aN : ey oF 
a q------ -—- —<- ; 
+ (? wy Or t: — | 
=z ri ' Puoaipeeast a > 
T° 3 egg | —— HG 
H $ 82m es 
' Oo n 
! , Lefs | SED 3 
7 — Te i ae t 
: [7] , —faaagr| 
! i ; 
! ’ r | H 
: a b : ibe. O8 || 
t —!  — ! 
: "aon yeaa hey ppm. | cen i === \ 
\ — = 
z ! oo > . i ’ 
ae | 
a | Led 
> > > ‘ Y 1 -— ~— 
3 ’ a i = ap 
: oan} if-->- 
g > Ra —- , 
a 3 k r &g 
a y - ' i 
z Zz ! 
0 ' Pw hal mex b 
nn ' at] > 4 +-» : -->4 
e £3 7 i pied 
= _ aaa = iia 
= ! ie == 
! Sah ee bn ee oe wn ow oe oa i. 
| > pO: . : 5 
I Ge ee ee i = 
! WHOE os 3 
, : 
| 
y 
! 
! 
! 
! 
' 
! 
I 
! 
! 
| 
| 
' 
| 
1 
' 
’ 
1 
1 
i 
! 
1 
' 
u 


LEGEND 


--—— =— 
! 
! 

















BLOW 
PITS 














563 


end of the line; 
it is then possible 
to look through 
the line from end 
to end. The cop- 
per branches con- 
nect to the main 
leadized header 
with crosses in- 
stead of tees. This 
type of connection 
allows cleaning 
and makes a 
simple joint. 

The new system 
has been in use 
for several months 
and has been 
opened for in- 
spection several 
times. The growth 
of slime has been 
negligible. Since 
the building steel 
is subject to much 
less vibration than 
the piping, no dif- 
ficulties with this 
source of scale 
formation are en- 


countered. As a 
precaution, how- 
ever, the roof 
trusses are vac- 


uum cleaned peri- 
odically, with re- 
markably success- 
ful results. 


Making the 
Joints 


With the 
per piping, all fit- 
tings and coupl- 
ings are bored to 
receive the pipe 
for which they are 


cop- 


made, and pro- 
vision is made in 
the fitting for 
feeding solder di- 
rectly into the 
joint. The pipe 


and fitting are not 
tinned previous to 
making the joint 
proper. In fact it 
is doubtful if the 
piping could be 
assembled that 
way due to the 
close fit between 
the pipe and the 
bore of the fitting. 
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In this particular case the tubing 
was cut into the necessary lengths and 
the ends were polished with sand paper 
so as to insure sound joints. The 
polished portion was then covered with 
soldering paste to act as a flux to pre- 
vent oxidation prior to | 
soldering. The interior 
of the fittings were pre- 
pared in the same way. 

Whole runs of copper 
tubing and fittings 
were then hung on 





6”, 


TO KNOTTER 
HEAD BOY 


Fic. 2—DIAGRAM OF SCREEN 
Room Wuite Water Sys- 
TEM 
temporary hangers and lined up in we 
place. The joints were then heated fe 
with a blow torch and the solder ie 
applied. 

It is estimated that a 6-in. joint was made in fifteen 
minutes by this method. This includes making one cut, 
polishing the pipe and fitting, and applying the solder. 
A 2-in. joint was made in about one-half that time. To 
date, approximately 300 joints have been made by this 
method. 
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Fresh Water Make-up 


Examination of the 
mill flow sheet, Fig. 1, 
shows that un 
der the new ar- 
rangement 
practically al] 
white water is 
returned to the 
system. Of 
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EMERGENCY OVER 
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course, where fresh water is added to the system, as in 
the showers on the knotters and primary washers, there 
must be an equal amount of white water rejected to the 
sewer. In the case of the secondary washers the fresh 
water showers have been replaced with cleanable ones 
using white water taken directly from the discharge of 
the removal pump. This change is responsible for a re- 
duction of about 75 g.p.m. in fresh water consumption. 
It is advisable to add some fresh water to the system, 
however, to keep it clean, and for that reason the fresh 
water showers which still remain will be left in service. 
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Graphic Solution of Chimneys 


By H. L. Alt 


consideration which their importance warrants. 
Frequently, it is found that a power plant chim- 
ney has been placed on a heating plant installation and, 
while the plant will operate, it is neither economical nor 


(considera for heating plants seldom receive the 


correct. On the other hand, chimney tables are not de- 
pendable unless they are excessively conservative so as 
always to produce a chimney based on the worst conceiv- 
able conditions. This is not economical for installations 
where the extreme conditions do not, and never can, 
exist. 

As an example, there is no need of putting up a chim- 
ney with a height and area capable of caring for a 50 
per cent overload on the boilers and of burning No. 3 
buckwheat coal under this condition when—as a matter 
of fact—the entire heating load comes to only 90 per 
cent of the boiler rating and stokers with forced draft 
are to be used. 


Draft Requirements May Not Determine Height 


The increasing popularity of the tall building also has 
introduced a set of outside conditions which often re- 
quire a chimney to be carried to a height not necessitated 
by the actual draft requirements. In such instances the 
diameter may be reduced correspondingly to the advan- 
tage of a lesser first cost and an increase in rentable floor 
area. For instance, if a 10-story building requires a 
stack 6 ft. in diameter, a 20-story building might be able 
to get along with a 5 ft. diameter stack for the same 
load. Allowing for the enclosing walls, the first chimney 
would occupy a floor area of 8 ft. x 8 ft. or 64 sq. ft. 
and the second would occupy only 7 ft. x 7 ft. or 49 sq. 
ft., saving 15 sq. ft. per floor or 300 sq. ft. in the floor 
area of a 20-story building. At $2.00 per sq. ft. per 
year rental this would increase the revenue received 
from the building about $600.00 per year, an item de 
serving consideration. 

It is evident that, while it is imperative to have a 
chimney suitable for the required draft and of proper 
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cross sectional area, it is 

a costly matter to have a 
chimney which is in excess 
of this required capacity. 
The mathematical work nec- 
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essary to calculate the required size 
and height of chimney for every in- 
dividual case is rather tedious; to 
facilitate determining the required 
height and area for each set of con- 
ditions which may be encountered the charts ac- 
companying this article have been prepared. 


Based on Zero Degrees Outside 


Chimneys for power plants are usually designed 
on the basis of an outside temperature of about 
60 F, but with a heating plant the maximum load 
occurs with a minimum outside temperature 
(usually around zero). Therefore the charts 
have been made up on the basis of an outside 
temperature of zero and an average temperature 
of stack gases of 500 F. This means that when 
the heaviest load is on the boilers the temperature 
of the flue gases is assumed to be slightly above 
500 F when they leave the boiler and when they 
issue from the top of the chimney they are 
sumed to have cooled to a point slightly below 
500 F giving an average chimney temperature of 
about 500 F. 


as- 
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Fic. 2—Capacity CHART For Ma- DRAFT LOSS PER /00 FT. OF CHIMNEY — IN. OF WATER 
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Draft Loss in a Chimney 


The draft loss in a heating system may be divided 
into the following items: 

Fire, ashpit and grate. 

Boiler. 

Flue or breeching loss. 

Chimney loss. 

Damper and miscellaneous. 


Use of Intensity and Height Chart 


Fire Loss 


On the chart shown in Fig. 1 the draft loss is started 
off with a series of curves indicating the fire, ashpit and 
grate loss occurring when different grades of coal are 
burned at various rates of combustion. To use the chart 
find the pounds of coal burned per sq. ft. of grate per 
hr. on the scale at the bottom of the diagram on the left 
hand side and proceed on this line vertically toward the 
top of the sheet until the curve for the particular kind 
of coal involved is intersected; then from this intersec- 
tion proceed directly to the right until the scale marked 
fire loss is encountered where the draft lost through the 
fire may be read. 


Use With Stokers 


If stokers with forced draft are to be used, there is no 
fire loss as far as the chimney is concerned, but it is 
desirable to maintain a slight negative pressure in the 
fire box so in such a case 0.1 in. would be found on the 
fire loss scale and the chart reading would begin at 0.1 
in. instead of the point opposite the pounds of coal 
burned per sq. ft. of grate and draft loss in fire inter- 
section. 


Total Draft Loss, Ashpit to Chimney 


By laying a ruler on the fire loss scale so that the side 
touches the fire loss found (or the 0.1 in. in the case of 
stokers with forced draft) and the draft loss occurring 
in the boiler on the boiler draft loss scale it will be found 
that the side of the rule crosses a third scale midway be- 
tween the fire loss and boiler draft loss scale from which 
third scale may be read the loss through fire and boiler. 
Keeping the side of the rule on the point determined for 
the loss through boiler and fire, and swinging the rule so 
that the side falls across the flue and elbow loss at the 
proper point for the breeching in question, from the 
intermediate scale the total draft loss—ash pit to chim- 
ney may be read. 


Total Chimney Height 


Swinging the rule again to cross the total draft loss— 
ashpit to chimney scale at the intersection just located, 
and the scale for chimney loss at the proper point gives 
a reading on the total draft loss scale of the required 
inches of draft to meet the conditions assumed. Pro- 
ceeding directly along the horizontal lines to the right 
from this intersection, until the diagonal line of theoreti- 
cal chimney draft is intersected, directly above this inter- 
section is read the required height of the chimney. It 
will be noted in proceeding toward the right to intersect 
the chimney draft line, that all the lines make a small 
offset downward and then continue to the right again. 
This is caused by an allowance made of 0.1 in. for 
dampers and contingencies. 
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The total chimney loss then must be changed to draft 
lost per 100 ft. of chimney which is done by using the 
small supplemental chart shown in the lower right hand 
corner of Fig. 1 where by finding the intersection of the 
total chimney draft loss on the scale at the top of the 
chart and the height of chimney on the scale on the left 
hand side the draft loss per 100 ft. may be determined 
by referring to the diagonal lines. 


Use of Capacity Charts 


Having obtained the allowable draft loss per 100 ft. 
in the chimney, the charts shown in Figs. 2 and 3 will 
be considered. The chart shown in Fig. 1 for intensity 
must always be used but the charts shown in Figs. 2 
and 3 are for volume and are alternate charts; Fig. 2 
is the chart for masonry chimneys, and for lined steel 
chimneys ; Fig. 3 is a chart for unlined steel stacks only, 
However, both charts operate in exactly the same man- 
ner so that an explanation of Fig. 2 will also indicate 
how Fig. 3 is used. 


Volume of Gases Chimney Must Handle 


The volume of gases which a chimney must handle is 
determined by the maximum boiler load, which may be 
expressed in several ways: 

Maximum boiler horsepower to be produced. 

Maximum pounds of coal to be burned per hour. 

Maximum pounds of air per second required for com- 
bustion. 

Number of equivalent sq. ft. of direct steam radiation (at 
240 Btu per sq. ft.) supplied. 

Number of equivalent sq. ft. of hot water radiation (at 
150 Btu per sq. ft.) supplied. 


Under average conditions there is a relation' between 
all these items and they may be plotted against each 
other. This has been done in the scales at the left of 
Figs. 2 and 3 so that the maximum load when expressed 
in any of these possible designations may be used to 
work out the chimney size directly. 

It is quite likely that 15 lb. of air per pound of coal 
would be sufficient but a small factor of safety has been 
introduced here (amounting to (18-15) +15 or 20 per 
cent) in the same manner that a small allowance was 
made in working out the draft intensity by allowing 0.1 
in. for dampers and contingencies. 

Using Fig. 2 

To use the chart Fig. 2 (assuming a masonry chim- 
ney), find the boiler horsepower, the pounds of coal per 
hour or the load in sq. ft. of steam or hot water radia- 
tion, on the proper scale at the left. Then proceed di- 
rectly toward the right from this point and read the 
pounds of gas per second from the scale on the left 
hand edge of the chart. Continue toward the right until 
the vertical line for the chimney draft loss per 100 ft. 
is encountered. The intersection will indicate—by its 
position in relation to the diagonal lines—the diameter 
(or the side of a square chimney) required. When such 
a point falls between two curves the larger diameter 
should be used although a proportional diameter is allow- 
able if close work is required. 


? Assumptions: 
18 lb. of air required to burn 1 Ib. of coal. 
1 Ib. coal supplies 8,000 Btu to water and steam in boiler. 
1 boiler horsepower requires the combustion of 5 Ib. coal, 
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Having found this intersection and determined the re- 
quired diameter of the chimney, the height and diameter 
then are known and, if a chimney loss of about 0.2 in. 
per 100 ft. has been used, an ideal chimney from an 
economical standpoint has been determined. For an un- 
lined steel chimney the same procedure would be fol- 
lowed on the chart shown in Fig. 3 for unlined steel 
chimneys. Should this not meet the conditions of the 
building the chimney can be modified to do this—pro- 
vided, of course, that the conditions are not such as to 
make the chimney perform the impossible. How the 
charts are handled to modify the ideal relations between 
height and diameter will be explained by means of a 
typical case. 


Modifying the Ideal Chimney 


The Problem: Assume a plant which is to burn 15 
lb. of No: 1 buckwheat coal per sq. ft. of grate per hr. 
with three 250 hp. water tube boilers (one of which 
is a spare) run at 100 per cent of rating, a steel flue 25 
ft. long with four 90 deg. turns between the boiler smoke 
outlet and the chimney (including the 90-deg. upturn 
into the bottom of the chimney). What would be the 
ideal height and diameter of a brick chimney and what 
would be the required diameter if a steel stack is placed 
in a 20-story building with 250 ft. from grates to top of 
stack? 

The Method : Locating the 15 Ib. per sq. ft. combustion 
rate on the left hand side of Fig. 1, then proceeding up 
until this line intersects with No. 1 buckwheat coal and 
to the right until the scale for draft loss in fire is encoun- 
tered, it is found that the draft loss in the fire will be 
0.44 in. Laying a rule from this point down to the 
boiler loss of 0.25 in. (for water tube boilers at 100 per 
cent of rating) it is found that it crosses the scale for 
combined boiler and fire loss at 0.69 in. The breeching 
loss for steel breeching 25 ft. long will be %4 of the 
loss per 100 ft. or % of 0.1 in. which is 0.025 in.; and 
four 90-deg. turns will add 4 < 0.05 or 0.20 in., making 
the total 0.225 in. Laying the rule from 0.69 in. fire and 
boiler loss to 0.225 in. breeching loss gives 0.915 in. for 
loss between ashpit and chimney. Then laying the rule 
on this point and 0.3 in. chimney loss (for trial) the 
total draft loss is shown to be 1.215 in. and running over 
to the draft produced diagonal line the height (140 feet) 
is read above the intersection. Reference to the small 
chart in the lower right hand corner for 140-ft. height 
and 0.3-in. chimney loss shows 0.2 per 100 ft. as the 
rate of loss in the chimney. 

Now going into Fig. 2 (for masonry chimneys) and 
running across from 500 boiler horsepower, which is the 
maximum to be produced, to the vertical line for a stack 
loss of 0.2 in. per 100 ft. the intersection is found to fall 
a little under the 48-in. diameter chimney. So a 48 in. 
140 ft. stack would be the ideal size for this load and 
under the conditions assumed. 

But with a 250-ft. height necessary in order to get 
above the roof of the building it is necessary to go back 
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to Fig. 1 and see what a 250-ft. chimney would produce. 
On the chart for height of chimney it is determined that 
a 125-ft. chimney gives a draft of 1.2 in. total so a 250- 
ft. chimney would give twice as much, or 2.4 in. 

It already has been found that the draft losses up to 
the stack amount to 0.915 in. plus 0.1 for contingencies, 
dampers, etc., which leaves for the chimney loss 2.40 
1.015 or 1.385 in. for a 250-ft. height, which, according 
to the small chart in the lower right hand corner of Fig. 
1 is equal to 0.55 in. per 100 ft. 

The Answer: Then going to Fig. 3 (for steel stacks) 
opposite 500 boiler horsepower and under 0.55 in. loss 
per hundred feet an intersection is found which falls a 
little over the 36-in. diameter line, showing that under 
the conditions of 250-ft. height and a steel stack the same 
volume of gases will be handled if the stack is made 38 
in. instead of the diameter of 48 in. previously developed 
for a brick chimney 150 ft. high. 


Low Chimneys 


There still remains the problem where the conditions 
do not permit a chimney of a height to produce an ideal 
condition ; i.e. where the friction loss in the chimney must 
be less than 0.2 in. per 100 feet because the height 
of stack is insufficient to take care of this amount of loss 
in addition to the other draft losses between the ashpit 
and the chimney. With the ideal chimney of 48 in. by 
150 ft. it has already been found from Fig. 1 that the 
draft loss from the ashpit to the chimney is 0.915 in. 
and with another 0.1 in. for dampers and contingencies 
this means that the total draft produced by the chim- 
ney after the chimney loss is subtracted must be at least 
1.015 in. or 0.915 in. without the contingency allowance. 

Let it be assumed that it is not possible to obtain a 
chimney of over 110 ft. height above the boiler grates. 
Now start from the scale (Fig. 1) marked height of 
chimney at 110 ft., proceed directly down until the draft 
line is encountered, and then directly to the left until the 
total draft loss line is reached. The reading on this scale 
shows that the chimney can handle a total loss of 1.0 in. 
after the contingency allowance is deducted. Laying a 
rule on this point (1.0 in.) and swinging the rule to 
0.915 for all the other draft losses from ashpit to chim- 
ney on the draft lost between the ashpit and chimney 
scale, it is found that the rule will indicate on the chim- 
ney loss scale that the chimney loss must be not over 
0.085 in. Applying this 0.085 in. on the small chart against 
110 ft. of height indicates a draft loss in the chimney per 
100 ft. of 0.077 in. This, then, is the allowable loss 
per 100 ft. in the chimney and the diameter of the chim- 
ney must be made such that this loss will not be ex- 
ceeded. Then going to Fig. 2 (for masonry stacks) the 
intersection of 500 horsepower and 0.077 in. loss per 
100 ft. is found just below a 60-in. diameter. If, how- 
ever, the draft produced by any given height of chimney 
gives a lesser amount than the draft lost between the ash- 
pit and the chimney plus 0.1 in, the height manifestly is 
impractical as no amount of increase in chimney diam- 
eter will reduce the chimney loss to zero. 








The Grand Central Terminal zone 
in New York City includes the Gray- 
bar, New York Central, Postum, Van- 
derbilt Concourse, Terminal Post- 
office, Park Lexington, Vanderbilt 
Avenue, Terminal Office, Grand Cen- 
tral Palace and Grand Central 
Terminal buildings; the Biltmore, 
Commodore, Roosevelt, Chatham, 
Barclay, Park Lane, Marguery and 
Waldorf-Astoria hotels and in addi- 
tion several apartment houses, all 
housing 600,000 persons. The annual 
steam requirements are approx- 
imately 1,250,000,000 pounds. The 
view to the left shows one of the 20-in. 
steam services from the New York 
Steam Corporation. The New York 
Central R. R. is the largest purchaser 
of central steam service in the world. 





Metering is an essential part of the 
distribution system, and is handled 
by an experienced staff and operating 
force. Steam flow meters with vari- 
able orifices are used. Regulation of 
pressure is handled first through 
service reducing valves, and second- 
ary reductions are handled by the 
consumers through the installation 
of secondary reducing valves. Auto- 
matic devices control the steam in 
practically all of the buildings, for 
economy. This view shows some of 
the steam metering equipment, 
Steam is also supplied for high pres- 
sure requirements. 





The pump room located in the 
service plant in the Grand Central 
Terminal zone. This photograph 
shows hot water heating circulating 
pumps on the right. Five large heat 
exchangers are used, which will raise 
6,000 g.p.m. from 140 to 180 F; they 
are located in a service plant under 
the Graybar Building. There are three 
hot water systems—high, low, and 
intermediate—four 5,000 g.p.m. and 
one 1,500 g.p.m. centrifugal pumps 
(steam turbine driven) circulate 
the hot water through the systems: 
all are interconnected for continuity 
of service. Most of the buildings are 
heated directly with steam, however. 











Overa 
Billion Lb. 
of Steam 

Per Year 


Here are some interesting 
views of part of the equipment 
necessary to supply steam 
and hot water to the buildings 
in the Grand Central Termi- 
nal group in New York City. 
These buildings, erected at a 
total cost approximating 
$625,000,000, are a veritable 
city within a city. 

The new Waldorf-Astoria 
Hotel, described in recent 
issues, is a part of this de- 
velopment. 


The top shows headers for high and 
low pressure steam lines and hot water 
heating mains under the Graybar 
Building. The temperature of the 
water, governed by the outdoor tem- 
perature, is controlled by the op- 
erator in the service plant, whereby 
economies are effected. Steam is 
distributed at approximately 125 
pounds pressure, mains being laid 
out in a complete loop system with 
ample cross-connections. Sizes of 
steam distribution lines vary from 
four to twenty inches. 

The fire pump in the service plant 
is shown in the middle view. The 
illustration below it shows a twelve- 
inch steam connection under 43rd 
street in what is called the trucking 
subway. A 10-inch water line from 
the 20,000 gallon tank on top of the 
Grand Central Terminal building is 
also shown. The steam line (below) is 
covered with double standard thick- 
ness of 85% magnesia with an out- 
side covering of asbestos cement 
primed with a sizing coat and two 
coats of lead and oil; the water line 
has a one-inch anti-sweat covering. 
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THe MILLIon-DoLLAR AMERICAN INSTITUTE OF LAUNDERING, 
STUDIED 


Ventilating and Piping a Modern 
Laundry 


By W. H. Pierce* 












WHERE THE PROBLEMS OF THE INDUSTRY 








A Discussion of the American Institute Laundry Installations 


HAT the laundry industry is a progressive one is 

evidenced by the great proving and improving 

institute built at Joliet, Ill. Approximately 2,500 
laundryowners of the United States and Canada organ- 
ized as a national association and pledged enough money 
to build a million dollar institute where the many prob- 
lems of the industry could be studied and solved, the 
facts thus developed to be passed on to the laundryown- 
ers for their guidance in the operation of their plants. 

The American Institute of Laundering consists of 
three units: First, a staff of technically trained men 
versed in textiles, chemistry, accounting, sales and mer- 
chandising, and mechanical and industrial engineering ; 
second, a school to which young men and women inter- 
ested in the laundry business may come for a period of 
ten months and receive intensive instruction in the five 
major departments of the business, namely: power plant, 
production, washroom and textiles, accounting and office 
administration, and sales and advertising; third, a com- 
mercial laundry doing approximately a quarter of a mil- 
lion dollars’ worth of laundry per year. It is the third 
unit that we will discuss in this article. 

A laundry business of this size requires approximately 
100 people, 70 per cent of whom are girls and women. 
In designing the institute laundry unit, considerable 
thought was given to the conditions under which these 
girls were to work. Our past experience in production 
tests taught us that the conditions surrounding employes, 
particularly women, had a great deal to do with the 
amount and quality of work turned out in a given time. 
It was our aim to make this institute as nearly a perfect 
place to work as possible, not from a theoretical stand- 
point only, but in order to get the maximum production 
and quality from our employes. 


hye Engineering Department, Laundryowners National Association of the 
United States and Canada, Joliet, Ill 
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The word “laundry” conveys to most people a picture 
of an ultra moist, steamy atmosphere. In some cases 
this is true, as a great deal of water and steam is neces- 
sarily used in the washing and processing of work. This 
condition, however, does not exist in a well designed 
plant. 


Atmospheric Conditions in Laundry 


As proof of the statement, a number of tests show 
a very low relative humidity in the institute laundry. 
Several tests taken on various days with varying weather 
conditions produced the following data: 


TABLE 1 
Location Wet Bulb Dry Bulb Relative 
Humidity 

re cs 4 34 40 51 
Starch Department..... 61 77 40 
Flatwork Department 65 85 36 
Rens cubes vk% “* 64 77 51 
Mezzanine (over Washroom) 65 77 52 
Mezzanine (Office side) rr 65 79 46 

TABLE 2 
Outdoors... .. Pen eee en 42 50 48 
Starch Department... ... sor a 63 79 48 
Flatwork Department a 62.5 83.5 32.5 
Washroom ae ere fn Some 60 76.5 38 
Mezzanine (over Washroom) oterer sae 75 43 
Mezzanine (Office side). . etait 60 78 36 

TABLE 3 
Outdoors. ....... ae Py: 34 37 72 
Starch Department 64 77 50 
Flatwork Department 61 75 46 
Rough Dry Department................. 6 69 43 
MII sac a5 cab ele ' ee 59 71 49 
Mezzanine (over Washroom)............. 60 73 49 
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The above tables show the relative humidity to be con- 
siderably lower on the average than the air out-of-doors. 


Amount of Water Evaporated 


The expectation of heavily laden air would not be 
amiss when one considers that each week nearly three- 
quarters of a million gallons of, water are used, 60 per 
cent of which is heated to 180 deg. and used in machines 
vented to the atmosphere and naturally giving off vapor. 
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Fic. I—VENTILATING Duct IN THE SupPLY Room ARRANGED 
To ELIMINATE DANGER FROM CHLORINE: GAS 


In addition to this, approximately 40,000 pounds of 
clothes are finished, either by flat ironing, pressing or 
tumbling. In either case, it means evaporating about 
one-half pound of water per pound of clothes, or chang- 
ing 20,000 pounds of water into vapor which passes 
from the machine to the atmosphere. 

The ceiling height of the institute is 28 feet from the 
floor to the main portion of the ceiling. There are two 
full length monitors running east and west, which extend 
another 7 feet above the main portion of the ceiling. 
Both sides of these monitors are fitted with ventilating 
sash type windows mounted on an opening and closing 
mechanism operated from the floor by chains. These 
may be adjusted to suit the air requirements, much the 
same as a damper in a stack. 

The combination of the ventilation sash in the walls 
and the monitor construction on the roof form the major 
part of the ventilating system in this building. These, 
of course, are supplemented by mechanical means, which 
will be discussed later. 


Special Ventilating Problems 


The agent most commonly used for brightening white 
work and removing stains is a chlorine solution which, 
when it comes to the washroom, has a strength about 
the same as the Dakin solution generally used in hos- 
pitals for purifying and cleansing wounds. The avail- 
able chlorine usually does not exceed one per cent. This 
is used in the proportion of two quarts to each 100 
pounds of white clothes. While this solution is diluted 


a great deal when applied to the washer, it is essential 
that it be made up in definite proportions, as a mistake 
in the preparation of such a supply might cause a weak- 
ening of the fabrics handled. 

To insure the proper strength of this brightening or 
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clarifying agent, it is made up by allowing 100 pounds 
of liquid chlorine to pass from a steel container into a 
caustic solution. The entire tank is emptied at one time, 
as chlorine is a dangerous gas and there is always the 
chance that a valve may be defective or not properly 
shut off after being used. 

As insurance against this danger, the supply is pur- 
chased in a heavy steel drum equipped with a valve. 
The steel drum is taken into a room used exclusively 
for making up the clarifying agent and for the prepara- 
tion of liquid soap. This room is kept closed and locked. 
It is the job of one of the maintenance men to see that 
the supply of clarifying agent and soap is maintained. 
In this way the danger is confined to this one man, who 
is instructed in the proper operation of equipment and 
supplies. As a further precaution to insure this man’s 
safety, a special ventilating unit is placed in the room. 

Those who had experience with chlorine gas during 
the late war know that it is heavier than air and will 
settle to the lower part of a room. The ventilating sys- 
tem, then, must be constructed to remove the gas in 
case of a leaky valve or broken drum. Fig. 1 shows the 
construction and location of the ventilating duct in the 
supply room. 

The entire system of pump, pipes and valves to carry 
the clarifying agent to the washroom is of a special rust 
resisting material. Ordinary equipment or piping would 
be of very short life if used. The cost of the alloy in- 
stallation is quite large compared to plain piping or 
pumps, because of its metallurgical and physical make-up. 
The pipe can not be threaded, but must be cast; joints 
and unions are made by clamping flanged ends together. 
The pipe comes in standard 3-foot lengths. Other sizes 
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Fic. 2—INTAKES FOR CARBON MONOXIDE IN THE GARAGE 


must be ordered to measurements, which necessitates a 
very accurate layout on the part of the piping contractor. 


The Garage 

The garage is built integral with the laundry unit. It 
is under the same general roof, but divided from the 
laundry proper by a brick wall with a number of fire 
doors through which the routemen load their trucks. 
There is a loading platform just outside the fire doors 
up to which the routemen back their trucks. 

Danger due to carbon monoxide was eliminated by the 
installation of a duct passing under the platform’ and 
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having an opening 
at each truck stall. 
A fan continually 
creates a suction in 
the duct and in this 
way collects any car- 
bon monoxide that 
might be expelled from 
an idling motor. Fig. 2 
shows the construction 
and location of the open- 
ings, duct and fan which 
make up the unit. 
There was a problem 
of heating the garage, as the weather sometimes falls 
below zero and the doors to the garage are open much 
of the time. It was solved by the installation of two 
double unit heaters as shown in Fig. 3. There are four 
single units, two facing each end of the garage. They 
may be operated as individual units, or all at once, as 
the weather conditions demand. 


DRY. 


Heating the Laundry Proper 


The laundry proper is heated chiefly by the heat given 
off from the processing machinery, such as flatwork iron- 
ers, presses, shirt finishing equipment, etc. Forty per 
cent of the total steam generated in the laundry is used 
to heat such equipment. A majority of the heat is 
utilized in evaporating the moisture from the clothes 
being finished; however, a certain amount is given off 
by radiation. It is impossible to keep the heating surface 
in contact with work to be finished at all times. This 
radiated heat, along with the absence of excess vapor or 
moisture, accounts for the low relative humidity and the 
pleasant working conditions. 

The only time that heat in addition to that given off 
by the equipment is required is the first half hour or so 
in the morning, especially on Monday. As a means of 
supplying this extra heat, radiators are placed under. a 
number of the ventilating sashes to warm the air passing 
over them. These radiators are hung on the walls by 
brackets. 

A unit heater installed at one end of the laundry in 
which very little heated machinery operates also assists 
materially. Fig. 4 shows the installation. It is com- 
prised of a fan which collects air through a duct from 
the floor level and forces it through a bank of low pres- 
sure steam coils and out through three ducts that tend 
to distribute the warm air over that portion of the build- 
ing. 


Steam Piping 


Steam has three uses in the laundry: 


First, running 
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an engine, which 

in turn runs a gen- 

erator; second, 

heating finishing 

equipment; and 

third, heating water 
and the building. 

The boiler operates 
at 145 pounds pressure. 
Full boiler pressure is 
used on the steam supply 
to the uniflow engine. In 
passing through the en- 
gine the pressure is 
reduced from 145 pounds to 2% pounds. This exhaust 
steam is then directed into the hot water heater and 
heats approximately 50 per cent of the required hot 
water from 55 to 180 F. 

About 40 per cent of the heat required is furnished 
by a heat reclaimer, which is a device for reclaiming the 
heat from waste water after it has passed through the 
washer and is on its way to the sewer. This heat re- 
claimer consists of a bank of copper tubes and a cast 
header. Incoming water that is to be heated is led 
through the coils. Warm waste water which averages 
125 F is trapped in a pit in which the coils lie. The 
warm water settles and is cooled off as it nears the 
bottom, due to heat lost to the cool water in the tubes. 

A heat reclaimer will usually give incoming water a 
rise of from 40 to 60 F, depending upon the time of 
year and location. Its use results in a fuel saving of 
from 18 to 23 per cent in this laundry and lowers the 
boiler load. 

The remaining 10 per cent of the heat required for 
heating water to 180 F is supplied by live steam under 
thermostatic control at 2% pounds pressure. The ex- 
haust steam mentioned above includes exhaust from the 
boiler feed pump, if it is being used, and the small slide 
valve engine used to operate the stoker. 

Steam used for processing work in the flatwork iron- 
ers, presses, etc., is reduced from 145 pounds to 105 
pounds, which insures dry steam at the machine at 100 
pounds pressure. Steam at 100 pounds pressure is safe 
from the pressure standpoint and also is below the 
scorching point of cotton and linen. The reduction in 
pressure from 145 to 105 pounds produces a few degrees 
of superheat. This small amount of superheat is just 
about enough to make up for any radiation losses in the 
supply line. 

The boiler room has a 40 foot ceiling, which allows 
a good rise for a goose neck construction from the boiler 
to the distributing header. There are three lines taken 
off the top of the header, an 8-in. line going to the engine 
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at 145 pounds pressure, a 6-in. line going to the main 
plant at 105 pounds pressure, and an 8-in. line at 2% 
pounds pressure going to the plant heating and hot water 
system. All steam pipes are covered with 2 in. of 85 
per cent magnesia insulation to minimize condensation 
and heat loss. 


Pipe Tunnel Runs Length of Building 


Pipes for distributing steam to processing machines 
are carried through a tunnel 6% ft. high by 6% ft. wide 
running the full length of the building. The pipes are 
supported along the side of the tunnel, the steam and 
return pipes on one side, and the hot and cold water 
pipes on the other. With 6-in. 
pipes well covered and supported 
on each side, there is still a 3 ft. 
clear space down the center of the 
tunnel for maintenance men _ to 
work in. 


INLET 


Supports 

Pipes carrying the steam from 
the main supply pipes run through 
trenches at right angles to the main 
tunnel. These trenches are 15 in. 
deep and 15 in. wide and are cov- 
ered with steel plates. The pipes 
rest on supports that keep them 
several inches above the bottom of 
the tunnel to insure their not get- 
ting wet in case water gets into 
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will 


might come from the steam chest. Such a strainer 
save much trouble in the maintenance of a trap. 

It is also advisable to have a means of testing a trap 
without removing it. A simple device for doing this 
was installed by placing a tee on the discharge side of 
the trap between the trap and the check valves. By 
fitting a nipple and a globe valve on the tee it is possible 
to tell just what the action of the trap is by opening the 
valve. If the trap is working properly, there will be 
an intermittent discharge. If the trap is stuck, there 
will either be no discharge or a steady flow of steam, 
either one indicating that the trap needs repairing. A 
swing check valve was installed between each trap and 

the main return line. 


OUTLET Return lines run through the 
‘ same trenches that contain the 
steam lines. These drain to a main 

] ee return line running just below the 
3 steam lines in the main tunnel. 

The returns or condensate are 


forced back to a receiver in the 
boiler room and are then returned 
to the boiler by means of a float 
controlled return trap. All return 
pipes are covered to reduce radia- 
tion. 


Liquid Soap System 


It is easy to use soap as a liquid, 
and this is the method adopted by 











the tunnel when the floor is 
scrubbed. 

Care was taken that all supply 
pipes were of ample size to insure 
each machine getting steam at a 
minimum of 100 pounds pressure. All low points in sup- 
ply and distributing lines are trapped to remove con- 
densate as fast as it is formed, thus insuring dry steam 
at the equipment. 


Traps and Return Lines 


Clothes are dried and finished by the heat given off 
when steam condenses. This brings up the problem of 
removing the condensate from the machine and at the 
same time retaining the steam. At the institute laundry 
it is done by placing a steam trap on the drainage end 
of each machine, or group of machines, depending upon 
their size. 

Both the inverted bucket and float types of trap are 
used. All large machines, such as flatwork ironers and 
tumblers, are individually trapped. Some machines, such 
as the two cylinder flatwork ironer, require two traps 
for good operation. 

Smaller machines such as presses, shirt finishing 
equipment, hose forms, etc., can be grouped and drained 
by one trap. It is good practice not to connect more 
than two machines to one trap, for one machine not 
properly draining may affect the others in the same group. 

The individual trap is placed directly below the outlet 
from the steam chest, where possible. It is installed 
with a bypass, as shown in Fig. 5, so that the trap can 
be removed and either repaired or replaced without inter- 
fering with the production of work. A strainer is also 
installed ahead of each trap to collect any dirt that 


Fic. 5—A Bypass Is Provipen So THAT THE 
Trap May Be ReEparrep or REPLACED WITHOUT 
INTERRUPTING PRODUCTION 


the institute laundry. The system 
includes a unit of two tanks, a 
pump for circulating the soap 
through the washroom, and the 
necessary pipes and valves for its 
distribution, as shown in Fig. 6. 

A definite number of pounds of soap are placed in 
the small steel tank and the tank filled with water to 
within 5 in. or 6 in. of the top. The soap is cooked 
with a steam cooker until it is clear. This cooking and 
agitating is done by a simple device made up of a 
four-way cross with a small steam pipe threaded through 
a plug in one end and extending a few inches past the 
openings at right angles to the plugged end. The cooker 
not only supplies the heat necessary for cooking but also 
acts as an injector or agitator. Some form of an alkali, 
such as soda ash or modified soda, is used with the soap 
to increase its detergent action. An alkali of this sort 
should not be boiled; therefore, it is put into solution 
in a small tank located over the smaller of the two soap 
tanks. When the soap in the small tank is in a clear 
solution, the steam is turned off and the alkali, which 
has been put into solution in the small container, is turned 
into the soap and mixed with a paddle. 


This soap and alkali solution is then ready for use 
with the exception that it is in a concentrated form. It 
has been found advisable (from an economy standpoint ) 
to use it in a weaker solution. The solution is, therefore, 
pumped from the small soap tank into the large one and 
hot water added at the same time. The soap is diluted 
The valves are 


until the large tank is practically full. 
then manipulated so that the pump takes diluted soap 
from the large tank and circulates it to the washers in 
the washroom. 
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The 2-in. distributing pipe circles the entire wash- 
room. A supply pipe runs from the main line to a supply 
bowl at each machine. The amount of soap going to each 
machine is controlled by a self-closing whistle type valve. 
That is, the washman must hold the valve open during 
the time the soap is pouring into the supply bowl. When 
he has enough, he releases the valve lever and the valve 
automatically closes. 

The main distributing pipe leads back to the large sup- 
ply tank. A valve is placed on this return line and 
throttled until a pressure of about 7 pounds has been 
built up in the 2-in. supply line. This insures fast filling 
of the supply bowl. The entire pipe system is 230 feet 
long and has a rise of 13 feet. Under these conditions 
a pump capable of supplying soap at a rate of 35 gallons 
per minute against a 75 foot head is used. 

A low pressure steam line is run to each of the two 
soap tanks. Hot water is run to the two tanks and also 
has a connection to the pipe on the suction side of the 
pump. 

About 15 minutes before closing time each night, the 
control valve from the soap tank is closed and the hot 
water supply valve is opened. Hot water is pumped 
through the entire pipe system and forces the soap back 
into the storage tank for the night. The hot water re- 
maining in the pipe is drained and the pipe is then clean 
and free of all material and ready for use next morning. 

Some of the first liquid soap installations called for a 
4-in. steam pipe on the inside of the 2-in. supply line 
to keep the soap from hardening. By using a dilute 
solution and constantly circulating it, this is not needed. 

One very important item to remember in piping steam 
to a liquid soap system is the installation of a tee with 
a swing check valve opening to the atmosphere. This is 
done in case pressure goes down in the boiler at night, 
thus creating a vacuum which will tend to pull liquid 
soap from the supply tank back into the boiler. The 
swing check valve will be closed when the steam pressure 
is exerted on it, but will open if a vacuum is set up. Air 
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will then be pulled into the boiler rather than liquid soap. 
Several instances of soap being pulled into the boiler 
over night have been reported in installations which did 
not provide for this emergency. An overflow pipe lead- 
ing from near the top of the large tank into the smaller 
one should also be installed. 


Water System 


The fact that nearly three quarters of a million gal- 
lons of soft water are used per week in this plant would 
suggest that an adequate water system would have to be 
used. 

This water comes from a private well 1,603 feet deep 
and contains from 18 to 20 grains of hardness. This 
hardness, of course, must be removed. 

Two methods are used to remove the hardness from 
the water. The water is pumped from the well at a rate 
of 450 gallons per minute. It goes directly to a 70,000 
gallon steel tank where it is mixed with lime to pre- 
cipitate part of the hardness. Alum is injected into the 

.ture to cause the lime and hardness to settle to the 
bottom where it can be drawn off. This treatment re- 
moves all but seven grains of hardness. 

The water is then pumped through a sand filter and 
then a softener where the remaining hardness is re- 
moved. This system has a capacity of 85,000 gallons per 
regeneration. The water passes from the softener to a 
100,000 gallon storage tank. 

The lower half of the storage tank is used exclusively 
for fire protection, as the plant is outside the city limits 
and city water is not available. The supply pipe leading 
from the storage tank to the laundry extends halfway 
up through the tank. If the tank were half empty, no 
water would be available for washing. The supply pipe 
for the sprinkler system is taken off the bottom of the 
tank so there is always at least 50,000 gallons of water 
available for fire protection and 100,000 gallons, if the 
tank is full. 

The supply for laundry use is taken from the storage 
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lons per load. The water is changed eleven times. One 


tank in two 6-in. lines. One of them goes directly to 
the washroom as a cold water supply, while the other 
goes to the bottom of the hot water accumulator, from 
there to the heat reclaimer, then to the hot water heating 
unit, and then to the top of the hot water accumulator. 
The 6-in. line continues from the hot water accumulator 
or storage tank to the washroom. 

Both hot and cold water pipes are taken through the 
tunnel. They leave the tunnel just back of the washer 
line. Both hot and cold water are distributed to the 
washers through 4-in. pipes. All leads to washers are 
2'¥4-in. pipes. 

An average sized washer uses from 1,000 to 1,500 gal- 


and a half minutes lost at each filling for a day would 
mean a time loss equivalent to one complete washing, or 
a loss of about 16 per cent in the efficiency of the machine. 
Water should be delivered to the washers in adequate 
pipes and at a pressure of not less than 35 pounds and 
not over 60 pounds, if possible. This upper limit is given 
because excess pressure is detrimental to some automatic 
water valves. 

All water pipes, both hot and cold, the hot water sys- 
tem, the filter and softener are covered wtih insulating 
material. The hot pipes are covered to reduce radiation, 
and the cold pipes and cylinders to eliminate sweating. 





Flow Through Valves 


By M. T. Martin* 


AY the writer remark upon an apparently closed 
correspondence! in the May, 1930, issue regard- 
ing velocity through valves? The writer con- 

curs in the opinion that the velocity of the steam (or 
any gas) through a port or orifice is a function of the 
initial and critical pressure (or else the final pressure 
where it is above the critical) and therefore is not con- 
trollable where the initial and final pressure are fixed. 
The velocity of 53,000 ft. per min. mentioned in the 
correspondence is shown calculated as the velocity at the 
entrance to the seat where the specific volume is that of 
the initial pressure, although it is mentioned as the 
velocity through the port. 

The writer submits a different method of determining 
the velocity through the port based on the assumption 
that in the expansion of a gas through a port the velocity 
acquired is that which is equivalent to the energy released 
through adiabatic expansion and can therefore be found 
by the application of thermo-dynamic formulas for such 
expansion or more easily by steam diagrams such as 
‘‘llenwoods charts. Inspection of these formulas shows 
that the critical pressure (that secondary pressure be- 
yond which any decrease will not increase the flow) 


"Webster Tallmadge & Co., Inc., New York City. 
Sizing Pressure Regulators, p. 416, May, 1930, HeaTinc, PipinG anp 
R CONDITIONING. 
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varies with the adiabatic exponent of the gas involved. 
Assuming the generally accepted exponent of 1.135 for 
saturated steam this critical pressure is 57.7 per cent of 
the absolute initial pressure. (For superheated steam 
in the average field the exponent usually used is 1.3, 
giving a critical pressure of 54.6 per cent of the initial. ) 

Where the expansion, as in the example cited, is from 
100 Ib. gage to 50 lb. gage or less, the critical pressure, 
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51.6 lb. gage, will be close behind the minimum con- 
striction of the port at which point the specific volume 
will be that of steam having expanded adiabatically to the 
critical pressure, and the velocity at that point will be the 
velocity given to the steam by the energy available from 
such expansion. Were there no restriction coefficient to 
be applied the specific volume at this point will be 6.3 
cu. ft. per lb. and the available energy 43.5 Btu. This 
energy will give to the steam a velocity of 88,500 ft. per 
min. which is the velocity through the port, giving a flow 
of 5,850 lb. per sq. in. per hr., a difference (partial slide 
rule calculation) of some 1% per cent and 2% per cent 
respectively from the value to be obtained by the more 
empirical flow formulas of Napier and Grashof. Where 
the secondary pressure is lower than 51.6 lb. gage, the 
expansion from the critical takes place after the steam 
emerges from the port into a larger area. Where the 
secondary pressure is above the critical there is of course 
no further expansion behind the port. 

While the above is the theoretical flow through a per- 
fectly formed port the actual flow will be much less due 
to eddies around sharp corners, changes of direction 
of flow and due to the effect of the steam passing from 
a relatively large chamber through the narrow port form- 
ing a sort of vena contracta, decreasing the effective area 
of the port and requiring the introduction of a coefficient 
due to this contraction. This coefficient depends upon 
the formation of the valve body, disc, and seat, the 
smoother the approach the higher being the coefficient. 
This coefficient is not necessarily a constant for all posi- 
tions of the disc, though usually it is approximately so. 
In the average globe type of valve this coefficient is 
usually 0.4 to 0.7. 





Trunk Ducts for Warm Air Heating 


By O. W. Kothe* 


N COMMENTING on the paper on trunk ducts for 
fan blast warm air heating,’ I wish to say the mate- 
rial covered is something for many heating folks to 

think about. Some of the items covered are quite novel 
and the general scheme shows a revolution that has been 
taking place in the indirect heating field. 

The author is presenting a timely subject—the applica- 
tion of direct fired heaters to large indirect heating 
systems. The author’s drawings show the courage 
warm air men are adopting—all of which is an out- 
growth of the scientific research carried on at the Uni- 
versity of Illinois in past years combined with what has 
been developed in the indirect field. 

With the direct fired plants every convenience and 
facility can be included that is felt so necessary under 
modern operation, such as: 

1. Air washers for cleaning and humidification. 

2. Air filters with special humidification. 

3. Ozonation to revitalize the air. 

4. Centralized automatic control for the entire system. 

5. Individual duct or trunk line systems. 

6. Noiseless operation. 


* Consulting engineer, St. Louis Technical Institute, St. Louis, Mo. 
‘Trunk Ducts for the Fan Blast System of Warm Air Heating, by 


Piette Overton. HeatinG, Pipinc anp Air ConpITIONING, November, 1930, 
p. 92 
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7. Simplicity of and economy in operation. 
8. They can be used in conjunction with air cooling plants 
for the summer months. 


The paper features several novel ideas. One, in my 
opinion, is the deep extended plenum chamber shown in 
Fig. 2 of that article, when used for both heated air and 
tempering purposes. However, I question its satisfac- 
tory operation as a general practice to follow, for the 
reason that any fan blast always establishes more or less 
turbulence. 

I remember nearly 25 years ago in Butte, Mont., while 
overhauling the heating system in a school, some tools 
were left in the tunnel. Monday morning I went for 
them but the fire was up, and unknown to the engineer | 
crawled in after my precious hand tools—the air stream- 
ing past me. Today I can still feel that sensation of the 
oddness of the currents—which I call turbulence. Such 
a condition can not make a difference of only a few de- 
grees in temperature between the top and bottom of the 
deep tunnel. 

If such a slight difference is sufficient and the tendency 
is in that direction—then I suppose it achieves its pur- 
pose. In the past, the general opinion has been to use 
either outside air, or recirculated air for tempering, 
which seldom is over 60 degrees. In such a case a 
relatively small amount of cooler air mixed with a larger 
body of heated air, will reduce the mixture to a more 
agreeable temperature. However, if the practice is 
changing, and it is found that to use air only a few de- 
grees difference in temperature for tempering purposes 
is better, I am glad to know it. I am sure other such 
experiments would be interesting. 

Another novel feature is the double duct indicated in 
Fig. 4. This, to my way of thinking, has greater pos- 
sibilities than the large deep plenum chamber. Compact- 
ness is one of the modern requisites, and this double- 
duct scheme shows a tendency in the right direction. Cer- 
tain refinements will no doubt be made; but the idea is 
good, and in my opinion is applicable to all such indirect 
duct systems. 

Judging from the drawings, I gather all flues are 
bricked and plastered. Some explanation ought to be 
given for this. An ordinary brick lined flue is very 
wasteful of air; surfaces are so rough that the full quota 
of air is seldom delivered. Men have told me of fans 
installed over bricked in chases and operating at full 
force barely making a perceptible flow beyond four or 
five stories, when the intention was to ventilate eighteen 
stories. 

Rough plaster flues also set up an undue frictional re- 
sistance and are also good dust catchers. Only smooth, 
hard finished plastered flues are comparable with gal- 
vanized metal ducts. 

In speaking of fans operating continuously and inter- 
mittently, I believe a distinction should be made in the 
design of the duct system. The system with a fan oper- 
ating continuously is designed identical to all large in- 
direct systems. But where a fan runs only an hour or 
two at a time, with operation several hours in between 
as a gravity system—that job should receive attention 
comparable to a gravity installation. Such a system 
would really be based on the standard code and the 
fan is an auxiliary accelerator at desired periods. 


Mr. Overton’s paper is well worth several readings. 
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YDRO Central Heat properties, municipally- 
H owned Winnipeg central heating company, is 

now valued at $1,185,000. It will soon receive 
the $450,000 addition voted in 1930. Off-peak electric 
power will come from the $7,000,000 power development 
at Slave Falls, Man. 

Privately owned plants are to be expanded by the 
addition of another $1,000,000 plant. This will carry 
heat to dwelling houses in suburban districts. Nearly 
one thousand homes now purchase central heat, but the 
aggregate sale of heat to dwelling houses is much less 
than steam supplied by the municipally-owned hydro 
heating service to downtown districts. 


Plant Supplies Downtown Districts 


“Municipal service through Hydro Central Heat is 
limited strictly to business uses,” states J. G. Glassco, 
manager of the system. “Part of our territory contains 
a residential section, but we have not explored this chan- 
nel, which we consider would be unremunerative at our 
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average present rate of $1.06 per 1,000 lb. of steam. 

“Winnipeg Hydro Central Heat was the first muni- 
pally owned central heating system in Canada. The 
plant, put into operation in October, 1924, now operates 
approximately 40,000 lineal feet of distribution mains 
connected with some 725,183 sq. ft. of radiation. Steam 
customers numbered 220 in 1930; office buildings, res- 
taurants, churches, schools, theaters, fire houses, police 
stations, are included in the varied service. 

“Central heating was first undertaken as an economical 
measure to provide means of utilizing an electrical stand- 
by plant. Electrically heated boilers, which were set in 
addition to the usual fuel-fired apparatus in order to 
provide an outlet for off-peak energy, afford some use- 
ful comparisons in steam production costs. 


Plant Divided in Four Sections 


“Our plant is divided into four main sections. One 
is devoted to the handling and preparation of coal for 
the fuel-fed boilers; a second section is given over to 
the boiler room, the third to turbine room, and the 
fourth serves the dual purpose of being the control gal- 
lery for the turbine room and at the same time it is 
substation No. 6 of the hydro-electric system. 











Four Water Tube Boilers Used 


“The boiler room is equipped with four water tube 
boilers, fuel-fed, with pulverized coal, and three electric 
boilers. The water tube boilers have one steam and 
one mud drum. The rated capacity of each boiler is 1,100 
h.p., and each is capable of evaporating a peak of 110,- 
000 Ib. of water per hr., gage pressure 250 Ib. per sq. in. 
Steam from three of the boilers is delivered at 150 F 
superheat. 

“Steam from the fourth boiler is not superheated 
and is used exclusively for central heating. All com- 
bustion chambers are of hollow wall construction and 
each is fitted with a horizontal water screen near the 
base of the chambers, to prevent fusion of the ash. Com- 
bustion chambers are hand-raked, and ash removal from 
the receiving trench in the floor is done by means of a 
steam vacuum jet. Bridge walls of boilers 1, 2, and 3 are 
air cooled; but the water screen in boiler 4 turns up 
in the rear to water-cool the bridge. Boilers 1 and 2 
have induced draft fans for aid in carrying heavy loads 
or overcoming any temporarily unfavorable draft con- 
dition. 

“Pulverized coal is used in the fuel-fired boilers. The 
bituminous coal used has a proximate analysis of mois- 
ture, 1.5; volatile, 23.5; fixed carbon, 60.0, and ash, 15.0 
per cent. The calorific value is 12,800 Btu per Ib. 

“Each of the three electric boilers has a capacity of 
7,500 kw. and is capable of producing approximately 
21,000 Ib of steam per hr. at 250 Ib. Electrical energy 
is supplied at 4,800 volts, 3 phase, 60 cycles. 


Electrical Boilers Flatten Load Curve 


“The operation of the electric boilers is interesting. 
They serve primarily to flatten out the load curve of 
the hydro-electric system by utilizing off-peak energy. 
The production of steam for use in the central heating 
system was a secondary matter. 

“During 1929 some 90,000 kw.-hr. of off-peak energy 
were accounted for by the boilers, and increased the 
hydro-electric annual load factor from 51.1 to 63.2 per 
Low water conditions in the Winnipeg river dur- 
Nevertheless, 


cent. 
ing 1930 lowered this figure last year. 
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the 40,000 kw.-hr. of off-peak 
energy during 1930 boosted the an- 
nual load factor from 53.4 to 56.3 
per cent. 


Steam Produced 


“The steam production by electric 
boilers resulted in a lower genera- 
tion cost than fuel-fired boilers. 
During 1930 the electric boilers pro- 
duced 119,659,560 Ib. of steam, re- 





sulting in 2.8 lb. of steam per kw.- J. G Gta SECO, 
I Th 1-fired boilers ane MANAGER, Hynro- 
Ir. e coal-fired boilers produced pi gcrpic System. 


306,631,845 Ib. of steam, with 8.5 
Ib. of steam per Ib. of coal. 


WINNIPEG 


“The peak load of steam per hour was 235,000 pounds, 
and 410 pounds of steam were sold for the season per 
square foot of radiation served. The mean tempera- 
ture for the season was 27.76 F. The steam production 
figures named include steam supplied to turbines and 
to plant auxiliaries. 


Heating Steam 


“The steam for central heat from the boilers feeds 
into a common loop header from which it passes in 
turn through a desuperheater and pressure reducer (one 
set of each at each end of loop) and then into the low 
pressure header. The steam goes from the low pressure 
header through separators where all surplus water is 
drained from it, and thence into the distributing header 
at 55 to 75 lb. per sq. in. (depending upon the load con- 
ditions) with 0 to 35 F superheat, depending upon which 
of the boilers are carrying the load. 


The Steam Mains 


“Two 14-in. mains carry the steam from the plant to 
the outside distribution network. Main line piping is 
carried in underground concrete trenches, tile-drained to 
keep them dry. The grade of from 6 to 4 in. per 100 
ft. is departed from only when necessary in order to 
pass obstructions. This grade is sufficient to carry the 
condensate to sewers. There are no return pipes to 
the plant. 

“Slip expansion joints are used on all lines 





except the individual service lines. These are 
placed at intervals of 300 and 250 ft. on 14 
and 12-in. trunk lines ; and 230, 200, and 150 ft. 





on 10, 8 and 6-in. lines, respectively. Knuckle 
joints, placed as close as possible to main line 





connections, take care of the expansion require- 
ments of the individual service lines. 





Rates for Steam 


“Steam consumption is measured by meter 





ing the condensate in each building served. An 
economizer installed in front of the meter in- 





sures that all steam is condensed. 
\ “The rates for steam are based upon con 
sumption rates per month. The charges var) 
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from $1.40 per 1,000 Ib. for the first 25,000 Ib. 
per month to $.90 per 1,000 Ib. for all steam 
over and above 500,000 Ib. per month. Th 











SEASONAL TEMPERATURE CHART FOR WINNIPEG AND OTHER CITIES WHICH 


Utimize CENTRAL HEAT 


average rate received is $1.06 per 1,000 Ib. 
—S. P. M. 
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Air Infiltration Through Double-Hung 
Wood Windows 


By G. L. Larson! (MEMBER), D. W. Nelson: (MEMBER) and 
R. W. Kubasta: (NON-MEMBER), Madison, Wis. 


This paper is the result of research conducted at the University of Wisconsin in cooperation 
with the A. S. H. V. E. Research Laboratory 


IR infiltration through various types of building 
constructions has been the subject of research 
carried on at the University of Wisconsin for the 

past several years in cooperation with the AMERICAN 
Society OF HEATING AND VENTILATING ENGINEERS. 
The previously reported work has been on walls of brick 
and wood frame constructions. The primary purpose 
of the investigation reported in the present paper was 
to aid in the 
establishment 
of figures for 
both plain and 
weather- 
stripped win- 
dows of the 
double - hung 
wood type for 
use in the cal- 
culation of 
heat losses 
from build- 
ings. As sec- 
ondary aims, 
it was desired 
to study the 
variation to be 
expected 
from one win- 
dow to an- 
other for va- 
rious cracks 
and clear- 
ances, for 
locked and not-locked conditions, and for several repre- 
sentative weatherstrips as applied to plain windows 
showing both low and high resistance to air leakage. 
Program and Windows Used 


For the investigation, fourteen windows having a 
sash opening of 3 ft 0 in. by 6 ft 0 in. were purchased. 
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Fic. 1—ARRANGEMENT 


The thickness of the sash was 134 in. in all cases, and 
for convenience in testing, box frames were used. These 
differed from standard masonry frames in the additional 
use of box construction at the head and sill and the use 
of steel corner plates to stiffen the frames for test pur- 
poses. Some of these windows are shown in Figs. 1 
and 2. 

Five of the windows were purchased a year in advance 
of the actual 
time of start- 
ing the test, 
which was in 
the late Sum- 
mer of 1930, 
and from a 
mill from 
which win- 
dows of poor 
workmanship 
and material 
had previ- 
ously been se- 
cured. These 
were inten- 
tionally speci- 
fied to be of 
a poor grade. 
The other 
nine of the 
fourteen were 
ordered from 
a mill from 
which win- 
dows of a good grade had been previously secured and 
were specified to be of the best material and workman- 
ship throughout. These were delivered three months 
before the testing started. From the time of delivery, 
all windows were kept in the laboratory to become sea- 
soned before adjusting cracks and clearances or testing. 

Six months after starting the tests, the fourteen win- 
dows were weatherstripped by local representatives of 
three weatherstripping manufacturers. Each representa- 
tive applied his weatherstrip to three of the windows 
termed to be of a good grade, and to two of the windows 
considered to be of a poor grade except that one make 
of weatherstrip was applied to only one window of poor 
grade since there were only five of this grade. For 
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Fic. 2—Wunpow IN PosITION For TEST 


the purposes of this paper, the windows were designated 
by letters that follow in sequence for each of the three 
weatherstrips represented in the tests. Table 1 explains 
these designations and the symbols that were used on the 
curve sheets included in this paper. 


Test Equipment Used 


Fig. 1 shows a general view of the test equipment ar- 
ranged for window testing. The method of clamping a 
window in place is shown in Fig. 2. The partition to 
which the window is clamped divides the machine into a 
‘ pressure chamber and a collecting chamber. The leak- 
age through the partition is maintained at a low value and 
the joint between the plane outside face of the window 
frame and the partition is sealed by the compression of 
a sponge rubber gasket strip. Distance blocks are lo- 
cated at each clamping location to insure the even com- 
pression on the gasket and the maintaining of the win- 
dow in a plane undistorted condition. 

Artificial wind pressure is exerted by a small motor- 
driven blower against the outside of the window which 
forms one part of the enclosure for the pressure chamber. 
The pressure drop through the window as indicated by 
an inclined draft gage connected to the two chambers 
is adjusted by means of dampers on the inlet and dis- 
charge sides of the blower. Air that passes through 
the partition wall and window into the collecting cham- 
ber is measured as it escapes into the atmosphere by 
thin-plate, square-edged orifices. The drop in pressure 
through the orifice is measured on a Wahlen gage. 
Access doors are provided in each of the two chambers 
so as to be able to open, close, lock or seal the window 
during the progress of a test without disturbing the 
rubber seal between the two halves of the machine. 


Test Procedure 


Each time a window was placed in the machine for 
testing, four runs were made. Two runs were made with 
the window closed but not locked. This was done to 
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obtain a better average value than from one test. Before 
each of these tests, both sash were raised and lowered 
several times and the closure made with ordinary effort 
as it would be in actual building occupancy. Access to 
the inside of the window was secured through the bolted 
and gasketed door in the collecting chamber. Since lock- 
ing places the sash in a definite position, only one run 
was made at this condition. The air leakage observed at 
the orifice in the aforementioned runs was the sash 
perimeter leakage plus a certain amount of leakage 
through the window frame joints, through the rubber 
seal joint between the window frame and the machine 
partition, and leakage occurring through whatever minute 
cracks existed in the machine partition itself. The lat- 
ter leakage was kept at a low value by sealing all visible 
cracks with calking compound and by the application of 
asphalt paint. 

Each time a window was placed in the machine for 
test, a fourth run was made in which the entire sash 
perimeter was sealed on the outside of the window to 
prevent all leakage of air at the joints between the 
sash and the frame at the head, sides or jambs, meeting 
rail and sill. The leakage obtained in this run was the 
leakage entering the window at the frame joints, and at 
the rubber seal, and that passing through the partition 
itself. This leakage was subtracted from the total leak- 
age in the locked and not-locked runs to secure the net 
leakage occurring through the sash perimeter. The 
leakage in this sealed run is the leakage of the test set-up 
obtaining when a perfect weatherstrip is applied, hence 
the name of 100 per cent weatherstrip is applied to this 
run. In all of the tables and curves of this paper, this 
sealed run leakage has been subtracted except in the 
runs shown in Fig. 5 which illustrates methods of seal- 
ing. It should be noted that only a part of this sealed 
run leakage is window frame leakage and that there 
are no values for frame leakage obtainable from a study 
of the fourteen frames built for the testing of sash 
perimeter leakage. Later in this paper, frame leakage 
is discussed as determined on frames built into wood 
frame and masonry wall sections. 
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One Hundred Per Cent Weatherstrip 


The purpose of a window is to admit light, to allow 
the entrance of air when it is wanted, and at other times 
to prevent all air leakage or infiltration. When the 
joints between the sash and the frame permit no entrance 
of air, the sash perimeter is perfect in so far as in- 
filtration is concerned. This condition is secured by 
the sealing of the sash perimeter on the outside of the 
window. 

To approach this condition in actual building con- 
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Fic. 3—D1AGRAM ILLUSTRATING CRACK AND CLEARANCE 
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Fic. 4—~Two Metnops or SEALING SASH PERIMETERS 














struction, weatherstripping is generally applied. There 
are two major factors in weatherstripping that influence 
the effectiveness of the installation. One of these is 
the ability of the strip to stop all air that reaches it and 
the other is the placing of the strip with respect to the 
sash perimeter joint so that it is in a position to stop all 
leakage entering this joint. Fig. 4 at c and d shows the 
two extreme positions for the placing of the strip. When 
placed as at c on the upper sash, it is possible for air that 
enters the sash perimeter joint to enter the upper sash 
pulley holes. When once in the weight spaces, access 
to the room is gained through the lower sash pulley holes 
and through cracks in the frame such as at the sash 
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strip and its location perfect, it would prevent the en- 
trance of air at the outside contact line between the sash 
and the frame; the fact that it does not, means that it 
falls short of being perfect in tightness or in location. 

Fig. 4 at a and b shows the two methods of sealing the 
sash perimeter to determine the leakage other than sash 
perimeter leakage. When the seal is applied to the 
inside of the upper sash as at , it is still possible for air 
to enter at the sash perimeter and enter the room through 
the pulley holes and other smaller openings communi- 
cating with the sash weight spaces. It is conceivable 
that an actual weatherstrip applied to the outside of 
the upper sash as at d would stop more leakage than 
the perfect seal placed on the inner side where it could 
not prevent air reaching the pulley holes. The actual 
weatherstrip would then be more perfect than the seal 
set up as 100 per cent perfect. This obviously indicates 
a mis-location of the seal and points to the propriety of 
placing the seal on the outside of the upper sash as well 
as on the outside of the lower sash. 

Fig. 5 shows a comparison of results using the two 
methods of sealing two plain windows having a high 
leakage and two weatherstripped windows having a low 
leakage. The difference between curves J and 2 is the 
leakage obtained for the weatherstripped window peri- 
meter if the seal on the inner side of the upper sash 
represented 100 per cent weatherstripping. Likewise, 
the difference between curves 4 and § is the leakage 
through the sash perimeter for the plain window under 
the same conditions. The differences between curves 2 
and 3 and between 5 and 6 represent the leakages that 
originated in the sash perimeter and found a way into 
the room through the-pulley holes and other smaller 
openings. This properly should be charged against the 
sash perimeter whether plain or stripped. It is included 
as sash perimeter leakage when the seal is made on the 
outside of both sash. This method of sealing was used 
in all tests reported in this paper except in the case of 
two illustrated in Fig. 5 to show the difference in the 
two methods. In comparing window tests, it is important 
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Taste 1—DESIGNATION OF WINDOWS AND WEATHERSTRIPS 
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to know which method of sealing was used. Fig. 5 After the original tests were completed and before the be- 


shows that the leakage charged against the weatherstrip 
is only about one-half of that entering the sash perimeter 
if the seal is applied to the inside of the upper sash in 
the case of the two weatherstripped windows represented 
in this figure. 


Setting of Crack and Clearance 


The five windows of a poor grade D, H, ], M, and N 
fitted loosely when received and were fitted to a uniform 
3/32 in. crack and clearance before testing. Fig. 3 
illustrates crack and clearance. It is important to note 
that the crack is one-half of the difference of the hori- 
zontal width between runways and the horizontal width 
of the sash. In the judgment of all who tried them, in- 
cluding a building carpenter boss and a construction in- 
spector, these five windows were considerably looser than 
the average window in buildings. In the opinion of 
several weatherstripping mechanics, they were as loose as 
the usual loosely-fitted window they were called upon to 
weatherstrip in old buildings, although at times they 
encountered some that fitted more loosely. All sash 
would rattle badly except a few with sash members 
warped to such an extent as to prevent rattling. These 
five poor windows were tested as plain windows when 
the crack and clearance were first set at 3/32 in. and 
again six months later without any alteration to the fit 
except that which occurred in standing. They were then 
weatherstripped according to the schedule in Table 1 and 
again tested. 

The nine windows, 4, B, C, E, F, G, J, K, and L, 
of a good grade were received fitted as closely as possible 
for free movement of the sash in opening and closing the 
window. They were tested after a standing period of 
three months. The crack was found to be approximately 
1/64 in. and the clearance 1/32 in. By the definitions of 
crack and clearance, this means the windows had a 
tolerance of 1/32 in. in the two directions of sash fit; 
the difference of the distance between the runways and 
the width of the sash was 1/32 in. and between the width 
of the runway and the thickness of the sash was 1/32 in. 
In the judgment of those trying the windows, they were 
considered tighter than would be permissible in actual 
building construction, although under the conditions in 
the laboratory, they worked easily and smoothly. When 
they were retested after a standing period of six months 
from the date of the original tests, it was found that 
the crack and clearance had increased considerably. The 
measured crack and clearance were found to average 
slightly less than 1/16 in. and slightly more than 3/32 
in. respectively. They were tested under this condition 
before a manual change in crack and clearance was 
made. During the entire 6 months, the windows were 
sheltered in the laboratory and were carefully handled in 
the few feet of moving to and from the machine and 
storage space. The original tests were made in a long dry 
period of the late summer, and the final tests were made 
under late winter and early spring heating conditions. 


ginning of the heating season there was a rainy period 
when the humidity was considerably higher. The increase 
in crack and clearance during the 6 months’ period was 
observed to be largely an. opening up of joints in the 
frame, which increased the frame leakage and also allowed 
leakage that started at the outside of the sash perimeter to 
enter into the weight spaces. Some of this opening of 
frame joints was considered to be due to the warping of 
frame members and some to the effect on the frame 
members of the warping of the closely fitted sash mem- 
bers. 

The five loosely fitted windows of a poor grade (D, 
H,I, M, and N) showed very little increase in crack and 
clearance and only a slight increase in leakage during 
the six months’ standing period. This was considered 
to be due to the sash and frame members having suffi- 
cient room to warp without opening up joints and to 
the longer aging period of one year instead of three 
months between the time of entering the laboratory to 
the time of testing. Before the final cracks and clear- 
ances were set for the final plain and the weatherstripped 
tests, the frame joints were closed by using larger nails 
with heads to supplement the finishing nails originally 
used. 

Since in the judgment of those who tried the win- 
dows the 3/32 in. crack and clearance of the five win- 
dows of a poor grade were more than the average for 
old building construction, it was decided to actually 
measure the fit of a large number of windows. A total 
of 579 plain double hung wood windows was measured 
on buildings at least five years old by about a dozen ob- 
servers within a 300-mile radius of Madison. On an 
average, 16 were taken on each building, four on each 
side. The readings were taken in December and January 
and therefore should represent cracks and clearances 
existing in the heating season. Eight of the men were 
assistants in the infiltration testing work and received 
personal instruction, and every observer received a com- 
plete and carefully worded description of the require- 
ments and the method to be followed so that all values 
would be comparable. A blue-print defining crack and 
clearance, as does Fig. 3, accompanied the instructions 
as did mimeographed blanks to be used for the recording 
of data. Each observer was given a set of thickness 
gages for determining the clearance. The instructions 
emphasized the need for watching the warping of sash 
in measuring clearance and that the lack of clearance at 
the end of the meeting rails against the parting stops 
must be compensated for to obtain the full value of the 
crack. Particular emphasis was placed on the fact that 
the crack exists on both sides of the sash at the same 
time as shown in Fig. 3. The average values obtained 
were 1/16 in. crack and 3/64 in. clearance. The values 
obtained were slightly less than this for the upper sash 
and slightly greater for the lower sash. Table 2 shows 
a summary of the cracks and clearances obtained. The 


crack and clearance on the series of nine windows were 
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TABLE 2—FIELD MEASUREMENTS OF CRACK AND CLEARANCE IN INCHES 
AVERAGE FOR AVERAGE FOR 
LOCALITY oUMBER. UPPER SASH LOWER SASH MEETING TvPE AMD HUMOER 
CRACK | CLEARANCE | CRACK | CLEARANCE 
MINNEAPOLIS, MINN. 91 00362 0.0465 Q053! 0.0520 Q0757 | 3 UNIV - 2 RES-! APT. 
HARTLAND, WIS. 42 00395 0.0290 0603 00372 0.0471 5 RESIDENCES. 
OCONOMOWOC, WIS. 16 0.0615 0.0415 00694 00264 002863 | | OFFICE 
MILWAUKEE , WIS. 32 0.0220 0.0340 0.0720 0.0394 _- 2 RESIDENCES 
MILWAUKEE, wis. 60 00984 0.0531 0.0765 0.0484 1 HIGH SCHOOL GROUP 
MADISON , WIS. 16 0.0550 00527 0.0840/} 00733 — | UNIVERSITY 
MADISON, WIS. 36 0.0373 0.0339 0.0659 0.0635 0.0604 | 6 UNIVERSITY 
MADISON, WIS. 64 0.0373 0.0594 0.0694 0.0655 0.0847 | | UNIV.-3 FRATERNITY 
WATERFORD, WIS. 46 0.0615 00508 0.0544 0.0362 0.0577 | 3 RESIDENCES 
MADISON , WIS. 64 0.0553 0.0510 0.0776 0.0905 00992 | 4 UNIVERSITY 
MADISON, WIS. 32 0.0365 0.0437 0.0553 00609 0.0515 | 2 FRATERNITY 
WEIGTED AVERAGE Tora. 579 0.0500 0.0455 0.0666 0.0567 0.0734 
EQUIVALENT IN FRACTIONS 344+ 3/64 - Yet ‘Ag - S/ea~ 
CRACL. USED ON 9 WINDOWS fe 9/o4 Ke 4a _ 
































accordingly adjusted to these values of 1/16 in. and 
3/64 in. before the final plain and weatherstripped tests 
were made. 


Weatherstripping 


After the crack and clearance had been set to the final 
values and the leakage of the plain windows determined, 
the windows were weatherstripped by local mechanics 
representing the weatherstrips they installed. The three 
mechanics for the three strips were men that had been at 
such work for many years and had had at least several 
years’ experience with the strip they installed. Two 
interlocking and one rib type of strip were represented. 
The mechanics were instructed to install the strips just as 
they would in actual building construction and it is be- 
lieved that they did this. The average time to install one 
strip was 1% hours and the deviation from this was 
little. It was not necessary to increase the crack or clear- 
ance at the sides of the sash except in a few cases in 
order to square up the sash. 


Presentation of Results 


The results of the tests on the fourteen windows are 
shown in Tables 3 and 4 and in curve form in Figs. 6 
to 13, inclusive. Table 1 explains the system of desig- 
nating the windows and weatherstrips in the tables and 
on the curves. The tables in addition to giving the 
leakages at pressures corresponding to wind velocities 
up to 30 mph also give the pull in pounds necessary to 
open and close each sash in every test. These pulls give 
some indication of how tight a plain window has been 
fitted and the increase in sash pulls upon weatherstrip- 
ping gives an indication of how closely a strip has been 
fitted. In some cases, a strip might be made very ef- 
fective but at an undue loss of ease in opening and 
closing. 

The tables present the values for individual windows 
and also averages for all of the windows of the two 
series termed as of good grade and poor grade to which 
each type of weatherstrip was applied and also the aver- 
age of the entire groups of five and nine of the two 


TABLE 3—RESULTs oF TESTS ON FivE WINDOWS WITH 3/32 In. CRACK AND CLEARANCE, PLAIN AND WEATHERSTRIPPED, 
in Cusic Feet per Hour, per Foot or SASH PERIMETER 








AVERAGE FOR 














up 50 | 7.5 |100/12.5} 15.0 | 17.5 





CLEARANCE 









215/| 5/0 |293/526/778 


4 





SEPT. TESTS 


6 MO. LATER 










u ' 
12}; 9 | 14 71127 
30 |24/ 14/14] 40} 86/143 


1? AND 2™ CLOSURES 
WIND VELOCITY-MILES PER HOUR 





176.1 [1992 






LOCKED 
WIND VELOCITY- MILES PER HOUR 


22.5} 250 | 300 | 50/75 25|15.0 117.5 |200/22.5/250/ 300 


U { 
194 
















160 [1272 
J ! 


337 








4a 




























588 Heating : Piping 








AVERAGE FOR 12 AND 2% CLOSURES 


WIND VELOCITY - MILES PER HOUR 


50 | 75 


SEPT. TESTS— ORIG. FIT. 
> 


FINAL FIT 


WEATHERSTRIPPED 


: 


Although two not-locked runs, termed Ist and 
2nd closures, were made in each case, the tables show 
only the average of the two. The curve sheets that 
show the points for individual windows and the aver- 
ages of groups as curves show points for both the Ist 
and 2nd closures except where they were identical. How- 
ever, in getting values for average curves all test values, 
whether identical or not, were given equal weight. This 
explanation is considered necessary because some of the 
curves do not appear to be the average of the points they 
represent because some runs are represented by one point 
and others by two points at each pressure reading. 

Table 3 shows the results of the tests on five win- 
dows of a poor grade with 3/32 in. crack and clear- 
ance, both plain and stripped. Table 4 shows the results 
for the nine windows termed as of a good grade both 
plain with the original 1/64 in. crack and 1/32 in. clear- 
ance and plain and weatherstripped with the final 1/16 
in, crack and 3/64 in. clearance that were established as 
representing the average crack and clearance by field 
measurements on a large number of windows. 

Fig. 6 presents the results for the five windows plain 
and weatherstripped with 3/32 in. crack and clearance, 
not locked. Fig. 7 is the same for the locked runs. Figs. 
8 and 9 show the corresponding results for the nine win- 
dows with 1/16 in. crack and 3/64 in. clearance. These 
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four figures show the points by individual windows and 
the average curves by weatherstrips. 

Fig. 10 shows the variation in infiltration over the 
standing period of 6 months between the original and 
the check tests without the making of a manual alteration 
in the crack and clearance. Fig. 11 shows the average 
curves for the series of five windows using 3/32 in. crack 
and clearance under locked and not-locked, plain and 
weatherstripped conditions. Fig. 12 shows the average 
curves for the series of nine windows with the original 
1/64 in. crack and 1/32 in. clearance and with the final 
1/16 in. crack and 3/64 in. clearance, both plain and 
weatherstripped. 


Discussion of Results 


The average leakage found for the five plain, not- 
locked windows with 3/32 in. crack and clearance, was 
124.5 cfh per foot of sash perimeter at 15 mph. This is 
the result of the tests made directly before weatherstrip- 
ping and compares with 29.1 cfh for the same windows 
weatherstripped with the same crack and clearance. The 
points on Fig. 6 show that there was considerable varia- 
tion in leakage between the five plain windows. This is 
considered to be due largely to the poor workmanship 
and material of this group. It was difficult to set an 


even crack and clearance on these five windows. 
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Fic. 6—RESULTs FoR FivE PLAIN AND WEATHERSTRIPPED WINDOWS WITH 3/32 IN. CRACK AND CLEARANCE 


Window D showed a very high leakage as a plain win- 
dow due to a combination of an upper sash that was 
warped and not square so that the head and meeting rail 
leakages were high and a larger than average clearance. 
Plain window H was also higher in leakage than the 
average when not locked. Locking reduced the leakage 
through this window so that windows H, /, M, and N 
had very nearly the same air leakage when locked as 
shown in Fig. 7. Locking window D reduced the leak- 
age somewhat but left its position relative to the average 
about the same. Although window D deviates from the 
average considerably, it appeared to be an entirely pos- 
sible window to be in any group of five windows of this 
type; consequently, it was used in the averaging of the 
group. The average leakage at 15 mph for this window 
when plain, for both locked and not locked runs, was 
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35 per cent above the average of the group. It was 28 
per cent above the average of the group when weather- 
stripped. Windows H and / were 8 per cent lower than 
the average of the group as plain windows and were 
equal to the average as weatherstripped windows. Win- 
dows M and N were 10 per cent lower than the average 
when plain and were 14 per cent lower when weather- 
stripped, considering both locked and not-locked results. 
This seems to indicate that the leakage through the 
weatherstripped window for this class and fit of window 
depends largely on the leakage of the original plain win- 
dow. The curves in Figs. 6 and 7 indicate this relation 
between the leakage of the plain and weatherstripped 
windows. Weatherstrip (1) applied to window D did not 
prove relatively as effective as when applied to windows 
A, B, and C as shown in Fig. 8. It would seem that 
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the high leakage of the poorest of the five windows was 
caused by factors that the weatherstrip could not over- 
come to the same extent as on the better windows 4, 
B, and C. 

An examination of individual points shows that there 
is a considerable variation between windows H and /, 
plain and not locked, to which weatherstrip 2 was ap- 
plied. Locking reduced the leakage through window H 
to a value very close to that of J when locked. Applying 
weatherstrips to H and / brought the leakage of these 
two windows very close together. The points for each 
weatherstripped window lie very close to the average for 
the windows to which that strip was applied. 

The curves for the three groups of windows, D and 
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H I, and M N in Figs. 6 and 7 show that much more 
variation exists between the averages for the plain win- 
dows than for the weatherstripped windows. At 15 
mph the variation is 62 cu ft for the plain windows and 
12 cu ft for the weatherstripped windows. 

Fig. 11 shows a considerable reduction in the results 
for the locking of the plain windows. When weather- 
stripped, locking resulted in very little reduction on these 
five windows. 

The average leakage for the nine plain, not locked 
windows with 1/16 in. crack and 3/64 in. clearance is 
shown in curve 3 of Fig. 12 and was 35.6 cu ft per hour 
per foot of sash perimeter at 15 mph. The greatest 
variation from this for the groups of three windows 
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was only 3 per cent. The variation for individual win- 
dows in the group as shown on Fig. 8 was considerably 
more. Window G had an especially low leakage as a 
plain window. When weatherstripped, the leakage of 
this window was one of the highest. Window 4, plain, 
was the highest in leakage of the entire nine, but when 
weatherstripped was the lowest. The same strip (1) 
was applied to a window (C) which as a plain window 
had about the average leakage of the entire nine and to 
one with next to the lowest leakage (B). When weather- 
stripped, these three windows with widely varying leak- 
ages as plain windows were very uniform in leakage. 
The same variation is noticed with windows E, F and 
G to which weatherstrip (2) was applied. As plain win- 
dows, the results for the three windows of the group 
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varied widely, yet when weatherstripped, the results 
group themselves quite closely to the average curve (4 of 
Fig. 8). The variations in the three groups as plain 
windows are about the same except that G had consider- 
ably lower leakage than B, the lowest in the other two 
groups. When weatherstripped, group E, F, G was 
highest in leakage and group A, B, C the lowest in leak- 
age. The results of the tests of these weatherstripped 
windows were closely grouped about their own average 
group curve (2, 6, and 4). This close grouping of the 
weatherstrips about the average curve for each group 
regardless of the variation of the individual windows in 
the group as plain windows, seems to indicate that each 
strip as applied to a window of this average crack and 
clearance has certain characteristics that determine the 


30 


25 


225 


20 


|-Averace ror Tests Mave w Serr. on 175 
Wiwoows D,H,/,MaWN Plain ano wor Locxeo 
2-Winoows of / eur Locxeo. 1s 
3-Winoows of | eur Tests Mave Six Monrnws 
LATER. 125 
4-Winoows of 3 eur Locxeéo. 
5-Winoows of 3 BuT WEATHERSTRIPPED. 40 
6-Wiwoows of 5 eur Lockxeo. 


Wino Ve.ocity in Mites PER Hour 


SQN 
“> 


300 


160 180 200 220 240 260 280 


IneictRaTion in CFH. per Fr oF SASH PERIMETER 


Fic. 11—SumMmary Curves For Five Winpows wiTH 3/32 in. CRACK AND CLEARANCE 





en Ge Pe ie 


Pressure Drop Across Winpow in Incues of WaTER 
Ss 
3 


|-Ave. ror Tests Mave in Serr on Winpows A,B,C, E,F,6,/, 
Kal Prain ano wor Lockeo with gh Cr. & 5 Ce. 

2-Winoows of / eur LocKeo. 

3-Winoows of / aur Tests Mave 6 Mo Later with 4g Cra 2 Ci. 

4-Winoows oF 3 BuT LOCKED. 

5-Winoows oF 3 BUT WEATHERSTRIPPED. 

6-Winoows of 5 sur LocKxeo. 

Nore: See fie./O ror Tests Mace 6 Mowrns Later witnovr Manvatr 


July, 1931 


N 
Q 


sR 
ro 
Wino Ve.ociry in Mies PER Hour 


Ni 
@ 


~ 
DW 


Cwanoe OF CRACK AND CLEARANCE. 


0 10 20 30 40 50 60 70 


80 90 100 40 120 130 140 150 


IneicTRATION In CFH. PER Fr. oF Sasu PERIMETER 


Fic. 12—Summary Curves ror Nine WINbDOwWsS wITH 1/64 IN. CRACK AND 1/32 In. CLEARANCE AND WITH 
1/16 rn. Crack AND 3/64 IN. CLEARANCE 


weatherstripped window leakage. Had considerable 
variation been found among the weatherstripped win- 
dows of each group, it would have been due likely to a 
non-uniformity of the strip, to the influence of the plain 
window fit and leakage, or to the variation in workman- 
ship resulting when the same mechanic applied the same 
type of strip to several windows. 

The grouping of the points for the individual weather- 
stripped windows D, H, I, M, and N with 3/32 in. 
crack and clearance as shown on Fig. 6 is very close to 
the average curves for D and H / and M N, although 
the plain windows H and / varied widely. One dif- 
ference noted between the application of strips to the 
two groups of five and nine windows was the relative 
positions occupied by the plain and stripped results of 
the windows A, B, C and D to which strip (1) was ap- 
plied. A, B, and C as a group had the highest plain leak- 
age of the nine and as weatherstripped the lowest leak- 
age. Window D, plain, had considerably the highest 
leakage of the five in the series, and when weather- 
stripped, it still had the highest leakage. It, however, 
was about 8 per cent nearer the average of the group 
when weatherstripped than when plain. 

The average leakage for the nine weatherstripped win- 
dows not locked as shown in Fig. 12, curve 5 was 16.0 
cu ft per hour per foot of sash perimeter at 15 mph. 
The deviation of the average of each of the three groups 
from the general average of the nine windows when 
weatherstripped is considerably more than the maximum 
deviation of 3 per cent when plain. Group A, B, C was 
about 20 per cent lower than the average, group E, F, G 
was 25 per cent higher, and group J, K, L 5 per cent 
lower than the average. This indicates that there is more 
variation between the three groups when weatherstripped 
than when plain for these windows fitted to a 1/16 in. 
crack and 3/64 in. clearance. 

The average leakage of the nine plain windows as 
originally fitted with 1/64 in. crack and 1/32 in. clear- 
ance was 18.7 cu ft as compared to 16.0 cu ft for the 


weatherstripped window with a crack of 1/16 in. and a 
clearance of 3/64 in. This is shown in Fig. 12. A plain 
window then can be made with a small crack and clear- 
ance and yet will open and close easily, and will have 
a leakage almost as low as a weatherstripped window 
fitted with an average crack and clearance. It is not 


known what the comparison would be if the weather- 


strips had been applied to the windows retaining the 
small crack and clearance. It also must be borne in 
mind that the plain windows were fitted too closely to 
permit working under all conditions encountered in 
actual building constructions. 

Locking the nine plain and weatherstripped windows 
resulted only in a one cubic foot reduction in leakage. 
The reduction due to locking was also slight in the case 
of the five windows when weatherstripped. The only 
case where locking resulted in a substantial reduction 
in leakage was that of these five plain windows which 
were fitted to a 3/32 in. crack and clearance. All locked 
runs were made with the locks just as they were orig- 
inally fitted at the mill. Locking comparisons are shown 
on Figs. 11 and 12 for the two series of windows. 


Fig. 10 shows the variation in results between the 
original tests made in September and 6 months later 
without manually changing the crack and clearance. On 
the five windows of a poor grade, the crack and clear 
ance remained practically constant. The 6 months later 
tests on the plain, not-locked windows showed an in- 
crease in leakage of less than three per cent. Comparing 
the locked runs, the leakage of the same windows in- 
creased about 20 per cent. The reason for this larger 
increase for the locked as compared to the not-locked 
runs is not known. It would seem that a shrinking or 
warping of the window members would have less effect 
on the leakage when locked than when not locked. 

Curve 5 of Fig. 10 shows the average leakage through 
three plain windows, C, G, and L with a 1/64 in. crack 
and 1/32 in. clearance. After a six months’ standing 
period, the windows had become much looser. The 
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average crack became slightly less than 1/16 in. and the 
average clearance slightly over 1/32 in. The average 
leakage for the plain, not locked windows in the original 
tests was 15.9 cu ft per hour per foot of sash perimeter 
at 15 mph. The leakage after the standing period of 6 
months was 29.8 cu ft. This is an increase in leakage of 
87 per cent. A large part of the increase in clearance 
was due to the warping and shrinking of the wood pull- 
ing loose the finishing nails with which the frames were 
held together. The driving in of larger nails restored the 
clearances to somewhere near their original values. The 
crack and clearance were then adjusted to the final values 
of 1/16 in. crack and 3/64 in. clearance by planing. The 
leakage then obtained for the plain, not-locked window 
was 31.2 cu ft per hour per foot of sash perimeter at 
15 mph. Locking resulted in a very small reduction in 
leakage in these three sets of tests on windows C, G, 
and L. 

Locking resulted in no change in leakage in 20 per 
cent of all the runs made in these tests of the fourteen 
windows. In another 20 per cent of the runs, locking in- 
creased the leakage and in 60 per cent of the runs, it 
decreased the leakage. The greatest decrease in leakage 
was 38 per cent and the greatest increase was 13 per 
cent. The average of all changes was an 8 per cent re- 
duction. 

Comparing the results of the first and second closures, 
it was found that in 31 per cent of the runs the leakage 
was the same for both closures. The average variation 
between the two closures was 5 per cent. The greatest 
variation was 21 per cent; the variation was greater than 
10 per cent in 12 per cent of the runs. 

Fig. 13 shows the influence on the infiltration of the 
location of the weatherstrip on the upper sash. Fig. 4 at 
c shows the strip located on the inside of the upper sash 
and d shows the strip located on the outside of the upper 
sash. When located as at c, it is possible for air enter- 
ing the sash perimeter to gain entrance to the room 
through the pulley holes. The only reduction weather- 
stripping in this position could make in this leakage 
through the pulley holes would be in decreasing the 
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clearance at the outside joint between.the sash and the 
runway by exerting a force in that direction. The strip 
represented in Fig. 13 is regularly applied to the inside 
of the upper sash. The results of the tests of two win- 
dows with large crack and clearance weatherstripped in 
this manner are shown by curve 2 and as applied to three 
windows of average crack and clearance are shown in 
curve 5. After the completion of these tests, the strips 
were removed from the upper sash and similar strips 
installed on the outside of this sash. The change in loca- 
tion resulted in a.reduced leakage in every case. Curves 
3 and 6 show the results for this relocation of the strips. 
The reduction was 26 per cent for the two windows with 
large crack and clearance and 37 per cent for the three 
windows with small crack and clearance. This reduction 
is due to the reduction of sash perimeter leakage that 
enters the room through the pulley holes. 


Frame Leakage 


The results of the tests on the fourteen windows as 
given in Tables 3 and 4 and Figs. 6 to 13 inclusive 
are for sash perimeter leakage only. To this leakage 
must be added any air leakage that occurs through the 
frame of the window. Ina plain plastered wall whether 
of masonry or frame construction, the leakage on a plain 
wall area the size of a window opening is negligible. 
Any leakage over this negligible amount when a window 
opening is placed in the wall is rightfully chargeable to 
the window. This leakage in a wood frame wall is 
mainly due to air entering at the edges of the building 
paper at the frame opening. A certain amount also 
enters at the corners of buildings and after getting under 
the paper travels in the joints of the sheathing from one 
studding space to another until a window opening, door 
opening or baseboard is reached that allows entrance to 
the room. 

In a masonry wall, the leakage originates mainly at the 
joint between the window frame and the masonry wall, 
known as the frame joint. This leakage can be prac- 
tically eliminated by the proper use of calking compound. 
A smaller amount,of the frame leakage originates in the 
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wall itself and travels horizontally in the voids to the 
window frame. Calking, of course, does not reduce this 
leakage. The use of solid masonry, that is, completely 
slushed joints, rather than the use of incompletely 
slushed joints that leave voids in the interior of the wall, 
would reduce this leakage. A portion of the frame leak- 
age enters the room around the interior window trim, 
and some enters the sash weight boxes from where for 
the most part it enters the room through the lower sash 
pulley holes. The total pulley hole leakage is composed 
of this part of the frame leakage and the part of the 
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sash perimeter leakage that entered the weight boxe: 
mainly through the upper sash pulley holes. Pulley hok 
covers are at times applied to reduce this leakage. The) 
reduce the very evident leakage at the pulley holes but 
the net reduction is not likely to be a large percentage. 
Their application likely builds up the pressure slightly 
in the weight spaces and the leakage for the most part 
finds its way into the room through smaller and less 
noticeable openings between the window trim and plaste: 
or at the baseboard. The proper place to stop the air 
leakage in good building construction would be at the 
points of entrance near the exterior surface of the wall 

Two 13-in. brick masonry wall sections and two wood 
frame wall sections were built to investigate frame leak- 
ages. Fig. 14 shows one of the masonry walls in the 
course of construction. Incompletely slushed walls were 
built in each case but mortar was slushed completely 
against the window frames. The room sides of the 
walls were plastered. Fig. 15 shows one of the two 
frame wall sections completely built and in position 
ready to close the machine for testing. The construction 
from outside to inside was bevel siding, building paper, 
sheathing, 2 x 4 studding, wood lath and plaster. Two 
variations were tested on each of these two walls. In 
one, the plaster ground stopped at the 2x4 framing 
for the window opening ; this was termed narrow plaster 
ground test. In the other, the plaster ground bridged 
across from the 2x4 window framing to the window 
frame so as to offer greater resistance to air passage from 
the studding and weight spaces and was termed wide 
plaster ground test. The wall sections were built by 
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average building mechanics to represent average building 


construction. 

Table 5 shows the results of these tests for frame 
leakage for both types of wall. The average leakage 
obtained at 15 mph for the wood frame walls was 13.5 
cu ft per hour referred to per foot sash perimeter. The 
infiltration through the five plain, not-locked windows 
with 3/32 in. crack and clearance was 124.5 cu ft and 
for these windows weatherstripped was 29.1 cu ft per 
hour per foot of sash perimeter at 15 mph. The aver- 





Heating -Piping 

























































































Sas, 19M and Air Conditioning we 
Taste 5—FRAME LEAKAGE IN FRAME AND MAsonry Wa LLs 1n Cusic Feet per Hour per Foor or SaAsu 
PERIMETER 

pressure DROP | wino WOOD FRAME WALLS MASONRY WALLS 

ACROSS WINDOW VELOCITY NARROW WIDE AVE. OF NOT CALKED CALKED 

IN INCHES OF MU/HR. PLASTER SROUND | PLASTER GROUND FOUR as ar il vs 

WATER WALL TWALL ST WALL TwALLer] TESTS || WALLA’ | WALL“B’| AVE.) WALL“A") WALLS" AVE. 
0.012 50 3.2 26 25 23 2.7 62 19 41 0.8 a4 06 
0.027 75 59 50 45 45 5.0 102 38 70 15 0.9 L2 
0048 10.0 9.0 6.0 66 7.0 2.7 14.3 63 |3/ 23 1.5 19 
0.075 12.5 123 1.0 88 97 10.5 18.4 9.2 138 29 2.2 26 
0.108 15.0 160 144 1.0 12.7 13.5 22.7 123 | 175 3.6 2.9 33 
0.147 17.5 20.3 1a2 13.7 16.0 17.1 27.0 156 |213| 43 3.7 40 
0.192 20.0 249 222 16.3 195 207 31.5 19! |253] 50 44 47 
0.243 225 29.7 263 19.1 23.1 246 363 227 |295| 5&7 5.0 54 
0300 25.0 34.9 30.8 222 270 26.7 41.6 263 |340] 64 5.6 | 60 
0431 30.0 464 405 269 355 37.8 53.1 335 |433| 60 64 7.2 
age value for the nine plain, not-locked windows with shown in this table are those from the original tests for 


1/16 in. crack and 3/64 in. clearance which are consid- 
ered to represent the fit of an average window was 
35.6 cu ft and for the weatherstripped condition was 
16.0 cu ft per hour per foot of sash perimeter at 15 
mph. To these sash perimeter leakages should be added 
the 13.5 cu ft of frame leakage when applied to wood 
frame construction. 

The average leakage through the frame in a masonry 
wall was found to be 17.5 cu ft per hour per foot of 
sash perimeter at 15 mph. Calking the frame joint 
resulted in reducing this leakage to 3.3 cu ft. When 
a perfect job of calking, which is easy to approach, is 
done, the frame leakage consists of air that enters into 
the brick work and travels to the window frame. This 
amounts to about 20 per cent of the uncalked frame 
leakage with the usual not completely slushed brick wall 
construction. 

The particular frame leakage applying to the ma- 
sonry wall, with the frame joint calked or not calked, 
should be added to the values of sash perimeter leakages 
to obtain the total leakage for the window opening. 

Table 6 shows in the first line the average results 
for the plain and weatherstripped windows D, H, J, M, 
and N that were fitted to 3/32 in. crack and clearance. 
In addition, Table 6 shows the results of tests of seven 
windows termed miscellaneous of somewhat the same 
crack and clearance. These were tested as plain win- 
dows over the past several years and then weather- 
stripped. Only one test of each type is included in the 
miscellaneous tests although two different types of the 
same make are incliided in some cases. The thickness 
of the sash was 13 in. in every case. The results 
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the plain windows. The results shown as for weather- 
stripped windows are from tests made during 1931. The 
cracks and clearances are the measured values taken in 
the past at the time of the original plain window tests. 
Since the cracks and clearances are only approximately 
the same as those used on the present series of five, and 
because the method of sealing is in question on a few 
of the plain window tests and because the cracks and 
clearances when tested as weatherstripped windows had 
probably changed from the original plain window val- 
ues, it is considered best not to use an average obtainable 
from the inclusion of these so-called miscellaneous win- 
dows in Table 6. The average, allowing each window 
equal weight, however is given in this table for com- 
parison to the average as determined in the present 
program on five windows of 3/32 in. crack and clear- 
ance. The average of the entire twelve is lower than 
the average of the five for both plain and weatherstripped 
conditions. 


General Conclusions 


Table 7 shows a summary of the frame leakages, the 
sash perimeter leakages and the sum of the two or the 
total window opening leakages for wood frame and for 
masonry wall constructions. In the case of masonry 
walls, only the total with the frame joint calked is given, 
since the benefit from calking is so obvious. 

The Infiltration sections of A. S. H. V. E. GuipEs 
of 1930 and 1931 quote a leakage of 155.0 cu ft per 
hour per foot of sash perimeter at 15 mph. The crack 
is 1/16 in. and the clearance is 7/64 in. and the window 
not locked. The value for the weatherstripped window 
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Taste 7—SUMMARY TABLE OF INFILTRATION IN CusBiIc Feet PER Hour per Foot or SAsH PERIMETER THROUGH Dousie-Hunc 
Woon Winpows—Nor Lockep 


FRAME LEAKAGE 


MASONRY WALL cR&a ey, CL. 


PRESSURE DROP 
ACROSS winDOW 
iN INCHES OF 


WATER 


WIND 
VELOCITY 


ML/HR. janes 


wooDd 
FRAME 
WALL 


cxcke | CALKED | PLAIN 


0.012 27 41 0.6 56 4 309 
542 
17 1.9 


300 433 12 


is given as 28.6 cu ft. A note states that these figures 
include the elsewhere leakage but not the frame leakage. 
These figures were arrived at by tests on windows with 
the seal made on the inside of the upper sash. The 
elsewhere leakage referred to as added is leakage that 
originated at the sash perimeter and entered the room 
through the pulley holes. These figures, then, are to be 
compared to the sash perimeter results of the tests on 
the five windows with a 3/32-in. crack and clearance 
of the present program. The average sash perimeter 
leakage of these windows, plain, was 124.5 cu ft and 
29.1 cu ft for the weatherstripped window per foot of 
sash perimeter per hour at 15 mph. 

The measurement of a large number of windows in 
actual buildings at this time indicates that the crack and 
clearance of the average window is considerably less than 
the foregoing GumpeE values of 1/16 in. crack and 7/64 
in. clearance or the 3/32-in. crack and clearance of the 
series of five windows of the present program. Ac- 
cording to these measurements and the tests on the 
nine windows of this program, the average window 
would have a 1/16-in. crack and a 3/64-in. clearance 
and as a plain not locked window would have a leakage 
of 35.6 cu ft per foot of sash perimeter per hour at 15 
mph. When weatherstripped, its leakage on the average 
would be 16.0 cu ft. To these values should be added, 
when applied to wood frame construction, 13.5 cu ft of 
frame leakage, making a total of 29.5 cu ft per foot 
of sash perimeter per hour at 15 mph for the weather- 
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stripped window. When applied to a calked masonry 
construction, the sash perimeter leakages should be in 
creased by a 3.3 cu ft leakage making a total window 
opening leakage of 19.3 cu ft for the weatherstripped 
window. The plain window figures would be 49.1 cu ft 
for wood frame construction and 38.9 cu ft for ma- 
sonry construction. 

It is realized that the program reported in this paper 
is a laboratory program and that somewhat more rep- 
resentative figures might be obtained if a much larger 
number of windows were included in the tests. Fur- 
thermore, the effect of wear and weathering such as takes 
place in actual building constructions has not been con- 
sidered. A valuable addition to the program as presented 
at this time might be made by the subjecting of the 
fourteen windows to wear and weathering. To accom- 
plish this, they could be built into an enclosure that 
would be heated and on the outside subjected to weather 
conditions. The windows could be opened and closed 
a certain large number of times during a period of 
exposure of a year or more. The ease of opening and 
closing as measured by sash pulls under various weather 
conditions would check the belief of the authors that 
the weatherstrip installations on these fourteen windows 
represent average installation workmanship. The win- 
dows when removed from the exposure would be re- 
tested by the method followed in the tests of this paper 
to arrive at the leakage for a window as found in actual 
buildings. 





Heat Transfer Through Building 
Materials 


The U. S. Bureau of Standards has recently pub- 
lished the results of a study entitled, Heat Transfer 
Through Building Materials, by M. S. Van Dusen and 
J. L. Finck. See Bureau of Standards Journal of Re- 
search, March, 1931. 

A method for measuring the heat transfer through 
large flat slabs, such as wall sections, is described in de- 
tail. The method requires no actual measurement of 
heat flow over large areas and no accounting for in- 
evitable losses in undesired directions, except where 
lateral losses may occur by radiation, but consists in 
comparing the thermal resistance of an unknown panel 
with a standard, the resistance of which can be accu- 
rately determined by the hot-plate method, by which the 
measurement of heat flow is made under much more 
favorable conditions. 


Results on 17 walls are given. The accuracy of the 
measurements is of the order of 5 per cent in the ap- 
paratus described. Greater accuracy than this can only 
be attained by better control of conditions, which be- 
comes increasingly difficult as the temperature variation 
limits are narrowed. Such refinements would seem to 
be superfluous, however, in view of the degree of repro- 
ducibility of such structures as building walls. 

In addition, results are given for five small panels, 
these observations being made with a hot plate 24 in 
square. These smaller panels consisted of certain in 
dividual components of frame wall construction. 

An analysis of the data permitted the calculation of 
the conductances and resistances of the various com 
ponents entering into the construction of ordinary types 
of walls. These values are presented in tabular form, 
and their use permits the calculation of the resistance 
(or conductance) of any combination of the various 
components for which data are given. 












Essential Elements for Determining 


Heating Plant Requirements 


By F. B. Rowley', Minneapolis, Minn. 
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simple problem becomes involved and contro- 

versial because of failure to consider all of its 
related parts. Thus, the problem of determining the re- 
quirements for heating plants appears to be without any 
specific challenge. It is only a matter of supplying 
enough heat to maintain a comfortable living temperature 
and to take care of any heat losses from the building. 
Practically every one in the heating profession has a 
definite conception of the requirements of this problem 
as a whole; yet, when the integral parts are considered, 
there are wide differences of opinion. The purpose of 
this paper is to analyze the problem and to consider some 
of the causes for these differences. 

Without quoting specific reference, free use has been 
made of the facts obtained by researches at such places 
as the A. S. H. V. E. Research Laboratory, the U. S. 
Bureau of Mines, the University of Illinois, the Uni- 
versity of Wisconsin, and other institutions and research 
laboratories. An effort has been made to correlate the 
various parts of the problem and to arrive at a logical 
solution which would omit the unknown factors so often 
applied to heating plant design. 

Insofar as the direct heat supply from the plant is 
concerned, there are at least four factors which have a 
direct, or, at least, an indirect bearing on the question. 
These are: 


() sini that which seems to be a comparatively 


1. The air temperatures required within the space to be 
heated. 


2. The heat utilization or the efficiency of the heat-distributing 
system used. 

3. The unit of measure by which heaters are rated. 

4. The method used for calculating heat losses from the 
building. 

Other angles of the problem may present themselves, 
but it appears that these four questions are the bases for 
the greatest differences of opinion. 


Air Temperatures Required 

Everyone wants to be comfortable, and lack of com- 
fort is probably the major cause for criticism of heating 
plants. The most direct relation which the heating plant 
bears to comfort is that of providing proper conditions 
so that the body can regulate its internal temperatures. 
lhe body is continually generating heat, and this heat 
must be dissipated at such a rate that the temperature 
of the body will be maintained within very narrow limits. 
T his heat may be given directly to the surrounding air 
Y convection and conduction, it may be absorbed by the 
evaporization of moisture, or it may be given off by 
radiation. 

* Professor of Mechanical Engineering and Director of Experimental 


Engineering Laboratory, A poo yp MO Minnesota, Minneapolis, Minn. 
resented at the Semi-Annual Meeting of the American Society oF 


[EATING AND VENTILATING ENGINEERS, Swampscott, Mass., June, 1931. 
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The relation of air conditions to the amount of heat 
given off directly to the air has been very carefully 
worked out by the A. S. H. V. E. Research Laboratory 
in cooperation with the U. S. Bureau of Mines. The 
relation of the amount of heat given off by radiation to 
the temperatures of the surrounding objects has also 
been given consideration. It is evident that if the sur- 
rounding conditions are such that the body radiates a 
large proportion of its heat, the amount given off di- 
rectly to the air must be reduced, and, likewise, if the 
radiation factor is reduced, the amount given off by con- 
vection must be increased. 


In practice, air having a temperature of 70 F has been 
considered as the average optimum condition to be 
aimed at by the heating plant designer. However, it can 
readily be seen that if the wall temperatures are very 
cold, such as might be the case if a person were sur- 
rounded largely by single glass windows on a sub-zero 
day, then it would be necessary that the air temperatures 
be materially higher in order to counterbalance the ex- 
cess amount of heat or proportion of heat given off by 
direct radiation. On the other hand, if a person were 
surrounded entirely by inside walls which might be at a 
very high temperature, the air for comfort would then 
have to be a considerable amount below 70 F to satisfy 
the heat-dissipating requirements of the body. 

While it is evident that a very wide range of tempera- 
tures may be required for comfort under different sur- 
rounding conditions and*thus the comfort requirements 
may throw a variable factor on the heating plant, it is 
also evident that some practical, average condition must 
be assumed for use in the design of heating plants. This 
practical average has been almost universally accepted 
as 70 F. 

Experience has shown that, with many types of heat- 
ers, there is a variation in room temperatures from floor 
to ceiling of as much as 15 deg to 25 deg. It will thus 
make a material difference as to how high from the floor 
the 70-F temperature is to be measured. Until recently, 
the most common point of measurement has been at 5 ft 
above the floor and not less than 3 ft from the outside 
wall, this being considered as the average breathing line. 
Recent investigators have considered this point too high, 
and 30 in. from the floor now seems to be an acceptable 
standard. If all radiators heated the room uniformly 
from top to bottom, the height from the floor at which 
temperatures were measured would make no difference 
either as to comfort or in the design of the heating plant. 
Unfortunately, however, many radiators do not have this 
uniform heating effect and, therefore, the load on the 
plant will be somewhat varied, depending upon the 
height assumed. 

The effect of wall surface temperatures upon the 
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radiant heat given off by the body should, undoubtedly, 
have further study in order to determine their effect on 
the comfortable living temperature, and, also, upon the 
requirements of the heating plant. The character of the 
wall surfaces also has something to do with the amount 
of heat given off by direct radiation from the body and, 
therefore, will affect the comfortable air temperatures 
required. 
Heat Utilization 


The efficiency with which heat is applied to the space 
to be heated has a direct bearing upon the heating-plant 
load. The requirements are to keep the body under com- 
fortable living conditions as to temperatures of the air 
and of the surrounding objects. Since this condition is 
required at a distance of 30 in. from the floor, it is evi- 
dent that excessively high temperatures at other parts of 
the room may result in a direct waste of heat, and, there- 
fore, an overload on the heating plant. As has been 
previously pointed out, certain types of radiators will 
give temperatures from 15 deg to 25 deg higher at the 
ceiling than at the floor line. These high ceiling tem- 
peratures are useless, insofar as the comfortable condi- 
tions of the room are concerned, and for efficiency might 
well be avoided. 

Take as an illustration a room with a 10-ft ceiling and 
with a 20-deg difference in temperature from floor to 
ceiling. With a straight line temperature variation and 
with 70 F at a point 30 in. from the floor, the floor line 
temperature will be 65 F and the ceiling temperature 
will be 85 F, or an average air temperature of 75 F 
which, with an outside temperature of zero would mean 
over 7 per cent additional heat loss through the outside 
walls. If the ceiling were exposed, the heat loss would 
be increased through the ceiling by slightly over 20 per 
cent as compared with the losses with ceiling air at a 
temperature of 70 F. The variations might be other 
than 20 deg, and the conditions surrounding the building, 
which would affect the loss by direct transmission and 
by infiltration, might be such as to increase the load on 
the plant anywhere from 0 up to 20 or more per cent, 
due to the inefficient application of the heat to the room. 

This inefficiency in heat application is due mostly to 
the difference in temperatures from floor to ceiling and 
is caused largely by the type and location of the radiator 
or heating unit in the room. Any radiator which is so 
designed and so located that it will deliver air at warm 
temperatures to the top of the room will cause trouble, 
due to the stratification of the air, unless artificial means 
are used to break up this stratification and to cause the 
air to circulate. In cast-iron radiation, a low radiator of 
a given width has been found to give more uniform tem- 
perature distribution from floor to ceiling than a higher 
design of the same radiator. This is evidently due to the 
fact that the higher radiator delivers the air from the 
top at a higher velocity and a higher temperature. This 
air, in turn, reaches the ceiling at a temperature con- 
siderably above the average room temperature, remain- 
ing there to cause the uneven distribution. With the 
low radiator, the air is not thrown off with such high 
velocities or at such high temperatures, which gives it 
more of an opportunity to diffuse with the air in the 
room, and when it does reach the ceiling, insures that it 
will be at a lower temperature. Take the case of a wall 
type radiator placed under the window; experiments 
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have shown that there is a very 
uniform temperature distribution 
from floor to ceiling. In this 
case, the warm air currents from 
the radiator pass up, meet, and 
diffuse with the cold air currents 
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coming down from the window surface. These mixed 
air currents are at a much lower temperature than 
would be the case if the radiator were not placed under 
the window. 

As far as the efficient distribution of convected air 
currents is concerned, the first step appears to be to 
prevent high temperature air from reaching the ceiling 
of the room. After it has once reached the ceiling, it 
cannot be brought down to the floor again by gravity 
current. 

Besides the inefficiencies due to uneven temperature 
distribution, there may also be radiant heat losses. A 
part of the heat of most heating units is given off by 
direct radiation. This may vary from something over 
30 per cent in ordinary cast-iron radiation down to very 
small percentages in some of the convector types of 
heating units. The effectiveness of radiant heat depends 
upon what happens to it after it leaves the radiator. 
Radiant heat does not affect the air directly but must 
strike some object which will absorb it and transmit it 
to the air by conduction and convection. If radiant heat 
strikes inside wall surfaces or objects, it should, in gen- 
eral, be effective in supplying the heat requirements for 
the building. If, on the other hand, radiant heat strikes 
outside wall surfaces which are very cold, such as glass, 
its effectiveness may be greatly reduced. 

As an illustration of what may happen to radiant heat 
when coming in contact with outside wall surfaces, refer 
to Figs. 1 and 2. Fig. 1 represents a reasonably well 
insulated wall, the overall heat transmission coefficient 
(U) of which is 0.15, and Fig. 2 represents a single 
glass window with an overall heat transmission coeffi- 
cient of 0.75 for still air. If, for Fig. 1, the inside air 
temperature is assumed to be 70 F and the outside, zero, 
i with reasonably still air on both 

sides of the wall, the surface co- 
efficients may be taken as 1.5 and 
the temperatures of the wall sur- 
faces would be 63 F and 7 F, re- 
spectively. If radiant heat were 
to strike this wall on the inner 
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surface, the effect would be to build up the inner surface 
temperature and increase the heat flow through the wall 
to that extent. As the wall temperature approached 70 
F, the amount of heat given to the wall by convection 
from the air would be decreased. With an extreme con- 
dition, in which most of the heat were given off by 
radiation, the wall temperature might reach 70 F. In 
this case, the heat loss through the wall would be in- 
creased by 11 per cent. This would be a maximum con- 
dition and would represent a radiator in which practically 
all of the heat was given off by direct radiation and all 
radiator surfaces exposed to outside wall surfaces, a 
condition which would be very unlikely. It is thus evi- 
dent that radiant heat is not a serious factor when we 
consider walls which are well insulated. 

Next, consider the wall represented by Fig. 2, in 
which case the glass has a very low internal heat resist- 
ance, the greater part of the resistance to heat flow being 
on the two surfaces. With air at 70 F and zero, respec- 
tively, on the two sides of the glass, it is reasonable to 
assume that the average temperature of the glass sur- 
faces will be 35 F. In this case, if radiant heat were 
to strike and be absorbed by the inner surface, the tem- 
perature would rise and the heat loss through the glass 
would be increased substantially proportional to this rise 
in temperature. If an extreme case is assumed in which 
the inner surface is brought up to 70 F by radiant heat, 
the heat loss through the glass would be nearly doubled. 

A further condition which might occur is that of a 
wind velocity on the outside of the surface, such as to 
increase the outer surface coefficient from 1.5 to 5.0 or 
more. If, under this condition, the inside surface tem- 
perature were raised to 70 F, the total heat loss through 
the thin wall might be increased by six or more times 
‘h original amount. 

The exact amount of radiant heat which might be lost 

irough thin walls depends upon several factors, such as 
surface coefficients, wind velocities, internal heat resist- 
ance of wall, and amount of radiant surface exposed to 
outside walls. In order that radiant heat may be effec- 
tive, it should be received by objects in the room or by 
inside walls and not by outside walls which have very 
low thermal resistance. Moreover, it should be received 
by objects which are at a low elevation in the room in 
order to maintain the temperature distribution as low 
in the room as possible. 

From the foregoing, it is evident that heat utilization 
may be an important factor in considering the load on 
the heating plant, but it is further apparent that the 
effectiveness of both convected and radiant heat is some- 
what under the control of the designer. With the proper 
consideration for the laws governing heat distribution 
from heating units, a very high heat utilization factor 
should be obtained. 


Unit of Measure for Heaters 

The question of heat utilization brings up that of a 
proper method to measure heating units. It is evident 
that the effectiveness of various types of heaters is dif- 
ferent, due to the fact that they distribute their heat in 
the room by different methods. If this difference in 
effectiveness is not taken into account in rating or meas- 
uring the output of the unit, it will place an uncertain 
factor on the final load required for the heating plant. 
[t is true that this difference may lie well within the fac- 
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tor of safety assumed in the design; yet it exists and 
should not escape attention. The question has received 
a great deal of consideration and discussion in the past 
and is especially pertinent when it comes to the selection 
of test methods and of a test room for the rating of 
heating units. 

In general, there are two types of rooms which have 
been used for this purpose. The first is one in which 
the wall temperatures are substantially the same as the 
temperature of the air in the test room, and the heat dis- 
sipation from the room takes place by an interchange of 
air to the space surrounding the test room. The second 
type of test room is one in which the heat given off by 
the radiator is absorbed directly by the walls of the test 
room, these walls being cooled by refrigerated air on the 
outside or by means of spraying cold water on the outer 
surfaces of the walls. 

In the first type of room, the convection currents from 
the radiator are somewhat disturbed, and the heat dis- 
tribution from top to bottom of the room is changed, due 
to the air circulation into and out of the test room. If 
the test room is so arranged that there is a free circula- 
tion of air out of the top and in at the bottom, it is quite 
possible that a radiator which in practice would result in 
a large temperature difference from floor to ceiling 
would show only a nominal difference in the test room, 
due to the fact that the hot air is freely discharged at the 
top and thus not allowed to build up in temperature. 
These convection currents .may not be such as seriously 
to affect the heat output from the radiator, but they may 
affect very materially the temperature distribution as 
measured throughout the different elevations of the 
room. 

A second point which should be given consideration 1m 
this type of room is that of the absorption of radiant 
energy by the walls. Since all surrounding walls are 
substantially at the same temperature as the air in the 
room, they would virtually be inside walls and the ra- 
diant energy might be more effective than would be the 
case if the radiator were used in an actual room with 
wall surfaces below the temperatures of the surrounding 
air. In the majority of cases, the magnitude of this 
error is probably small, due to the fact that, in most ra- 
diators, only a small proportion of the heat is given off 
by direct radiation, and of this, only a small proportion 
strikes the outside cold surfaces directly from the radia- 
tor. Furthermore, as has been shown in the discussion 
of Fig. 1, if these cold surfaces have any appreciable 
amount of internal resistance, the effect of the radiant 
heat losses is only a small proportion of the total radiant 
heat. 

Taking everything into consideration, it is evident that 
this type of test room disturbs the temperature distribu- 
tion factor very materially, but, in most cases, does not 
have any great effect upon the total heat output from the 
radiator. The room is not well adapted to test a radiator 
for heat distribution, but is a convenient form of test 
room for determining the total heat output by the con- 
densation method. It is flexible and can be adjusted for 
different capacities. 

Considering the second type of test room, this can be 
made to approach a practical condition, providing the 
walls are cooled in such a manner that their inner surface 
temperatures will equal those met in practice, For radi- 
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ators giving off the greater portion of their heat by 
convection, it would appear to make no difference as to 
the internal heat resistance of the walls or as to the meth- 
ods used in cooling them to bring the internal or inside 
surface temperatures to the proper degree. As long as 
these temperatures are properly maintained, the heat 
conducted from the air in the room to the surface of the 
wall by convection currents should be the same as met 
with under practical conditions. 

If radiant heat is considered, the method of cooling 
the walls, and the amount of internal resistance in the 
test room walls may have a decided effect upon the effi- 
ciency or heating effect of the radiator. Take, for in- 
stance, the very thin metal wall which is cooled by circu- 
lating water over the outside surfaces to maintain an 
inside surface temperature at 63 F. In this case, there 
is an unlimited supply of 63 F water, which will main- 
tain the internal surface temperature regardless of the 
amount of heat given to the wall. Thus, if radiant heat 
strikes this wall, it is absorbed by it without raising the 
inside temperature, and, therefore, does not retard the 
heat given to the wall by convection, which means that 
all radiant heat is virtually lost, without in any way 
affecting the air temperature within the room. If, in 
this type of test room, a radiator which gives off 30 per 
cent of its heat by radiation were tested and so placed 
that half of the radiant heat reached the cold walls, it 
would mean a 15 per cent loss without any heating effect 
to the air in the room. If this same radiant heat struck 
a test wall in which there was a large internal heat-resist- 
ing factor, it would serve to raise the inside surface 
temperature, and, therefore, would not be a direct loss. 
The direct loss would be reduced as the internal resist- 
ance of the wall was increased. If a convection type of 
heater were to be tested in this room, the only function 
of the test room cold walls would be to absorb the heat 
from the air, as the air temperature would be raised 
within the radiator itself and would not depend upon the 
radiant heat being intercepted by the wall surfaces and 
returned to the air in the room. It is conceivable that 
a radiating unit might be so designed as to emit prac- 
tically all of its heat by direct radiation, in which case 
the total output from the radiator might be entirely in- 
effective if the radiant heat should strike one of the thin 
metallic walls cooled to a pre-determined inside surface 
temperature by an unlimited amount of circulating water 
on the outside surface. This radiant heat could not be 
so lost if the walls contained a practical amount of inter- 
nal heat resistance. In this case, the surface tempera- 
tures of the wall would be increased until the heat was 
transmitted to the air in the room. 

From the foregoing, it is evident that the type of test 
room is very important if radiators of different design 
and characteristics are to be tested for comparison. If 
heat distribution is to be one of the factors obtained 
from the test, the method of dissipating the heat by an 
interchange of air to the exterior of the room may lead 
to appreciable errors in the heating effect as indicated 
from the test. If the total heat supplied by the radiator 
is the only factor regardless of its effectiveness in heat- 
ing the room, then the first type of testing room appar- 
ently has advantages and the heat output may be meas- 
ured by the condensation method. 

If heat distribution, as well as heat supply, is to be 





measured, the second type of room or the one in which 
the wall temperatures are maintained at some practical 
degree below those of the air for at least a part of the 
walls seems to have the advantage. If the units under 
test are designed to emit the greater part of their heat 
by convection currents, there should be no material dif- 
ference as to the method of cooling the walls or as to the 
internal resistance in the cool walls. On the other hand, 
if the heat units to be tested give off a part of their heat 
by radiation and these radiators are so placed that. this 
radiant heat strikes the cool walls, it is then essential 
that the walls be designed with an average amount of 
internal heat resistance, in order that the radiant heat 
which strikes the walls may build up the surface tem- 
peratures and obtain the same effectiveness as would be 
the case under practical conditions. 


It is evident that a test room cannot be built which 
will meet every condition in practice, but one should be 
constructed which will meet average conditions. The 
first type of test room is flexible, for testing different 
sizes of heaters in the same room. It does not seem to 
be well adapted to testing heaters for temperature distri- 
bution, but is reasonably consistent for determining the 
output by the condensation method. The second type of 
room is not readily adapted to different sizes of heaters. 
For convection-type heaters, the walls may be of any 
construction and cooled by any method so long as the 
inner surfaces present a practical surface at the proper 
temperatures. For radiant heaters, the cold walls must 
have a practical amount of internal heat resistance in 
order that the radiant heat may be effective. With these 
precautions, it may be used to advantage for determining 
heat distribution on the heat output by the condensation 
method. 

The next question which has always been a disturbing 
factor in considering the problem of rating radiators is 
that of a proper method to measpre the output of the 
radiator even after a test room has been selected. The 
most common and easily applied method has been to 
measure the output by the condensation method ; that is, 
the radiators have been tested, the total condensation 
under given conditions noted, and the rating determined 
by converting this condensation into British thermal 
units. This method is easily applied and gives the total 
amount of steam required of the heating plant, but does 
not show accurately the results which may be expected 
from a given type of heater. 

Since there is admittedly a marked difference in the 
heat distribution from various types of heaters, it seems 
that this should at least be recorded by an acceptable test 
method. For this purpose, the first type of test room 
does not seem to be the best selection, and especially not 
unless very great care is given to the method of inter- 
changing the air in the room. If this type of room is to 
be used, the interchange should be effected in such man- 
ner as not to disturb the temperature gradient from top 
to bottom of the room as set up by the natural convection 
currents of the radiator itself. 

Taking everything into consideration, the best type of 
test room would appear to be one in which the proper 
amount of outside wall surface is cooled and the walls 
are constructed with an average amount of internal heat 
resistance in order to give the radiant heat an opportu- 
nity to build up the surface temperatures and thus to be 
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effective as a heating medium. Further than this, it 
would seem that the room temperature should be meas- 
ured at a height of 30 in. from the floor line, at which 
point 68 F should be maintained, and the other tempera- 
tures from top to bottom should be recorded as a matter 
of showing the effectiveness of heat distribution from the 
particular radiator under test. There is undoubtedly a 
need for further research work to determine the proper 
type of test room and the proper test methods in order 
to take into consideration all of the important factors in 
connection with a heating unit. 


Calculation of Heat Losses from Buildings 
The fourth and most important factor in determining 
heating plant requirements is that of calculating the heat 
losses from a building. In fact, this may be considered 
as the main part of the problem and as including in part 
the other three subdivisions as previously discussed. The 
major factors to be considered in this part of the prob- 
lem are as follows: 

1. Air conditions required within the building. 

2. Outside weather conditions to be expected. 

3. Thermal properties of the walls used in the construction. 

4. Air leakage or infiltration through the various parts of the 
building. 

5. The quality of workmanship which may be obtained during 
construction. 

The complete information regarding these five factors 
has not, in the past, been at the disposal of the designer. 
This has led to much uncertainty, and, in many cases, 
the use of large and variable factors of safety. The lack 
of information on certain parts of the problem has 
served to cast a suspicion and doubt on data obtained for 
certain other parts and upon methods of calculation 
which appear scientifically correct, but for which certain 
necessary factors or coefficients have not been available. 

There are two general paths or ways by which heat 
may escape from a building. 

1. By direct transmission through the walls of the structure. 

2. By infiltration or an interchange of air from the inside to 
the outside of the building. 

The laws governing the flow of heat by direct trans- 
mission have had a great deal of study, and it is now 
possible to calculate with accuracy the heat flow through 
most types of walls under conditions of constant tem- 
perature difference between the air on the two sides of 
the wall. Under this condition, the transmission is gov- 
erned by the temperatures and velocities of the air on the 
two sides of the wall, by the internal heat resistance of 
the wall, and, to a certain extent, by the temperatures of 
the surrounding objects. When these conditions remain 
constant, it is comparatively easy to determine the de- 
mand on the heating plant. If, however, there are sud- 
den changes in the air temperatures, the demand on the 
heating plant may not immediately follow these changes, 
due to the heat capacity of the wall. 

Consider two walls, one built of brick 24 in. thick, 
and the other built of cork 1%4 in. thick. These walls 
have practically the same thermal resistance. The first 
wall has a heat capacity of approximately 40 Btu per 
square foot of wall per degree drop in temperature, and 
the second wall has about 0.4 Btu. of heat capacity under 
the same condition. 

If a drop of 10 deg in the outside temperature is 
assumed, the additional heat flow through each wall after 
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uniform conditions are reached would be 0.2 & 10 = 2.0 
Btu per hour. The total heat storage of the brick wall 
after the changed conditions were reached would be 
40 < 5 or 200 Btu less than before the temperature drop. 
It is evident that a wall of this type would be very slow 
in reaching normal conditions of heat flow and that the 
200 Btu would act as a heat storage to relieve the maxi- 
mum demand on the plant. The cork wall, on the other 
hand, would have only 2 Btu of reserve capacity and 
could not cause any such delay or lag in the heating plant 
requirements. A glass window would cause practically 
no lag in the maximum requirements. 


This heat lag is caused by the stored-up heat in the 
wall and depends upon its heat capacity. The effective- 
ness of this heat capacity depends upon the conductivity 
of the wall. If the conductivity is low, it will last for a 
longer period of time than it will if the conductivity is 
high. The extent to which this heat capacity will affect 
the maximum requirements of the heating plant will de- 
pend not only upon the capacity and the conductivity of 
the wall, but upon the length of time during which the 
minimum outside temperatures prevail. ‘It would seem 
that it can best be taken into account by a thorough study 
of the thermal properties of walls, together with an 
analysis of weather bureau records. From this analysis, 
outside temperatures may be selected for determining the 
maximum heating plant requirements which will apply to 
various types of construction. The necessity of consid- 
ering thermal capacity of the structure as an element in 
calculating maximum heating plant requirements has 
been recognized by the AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS and an extended research 
program is under way at the Research Laboratory. 

Wind velocity affects the direct heat transmission 
through a wall by changing the surface coefficient. From 
Table 1 it is evident that the effect is entirely different 
for walls of different internal heat resistances. No single 
factor can be obtained which will fit the various wall con- 
structions and correlate wind velocity to temperature 
differences. 

The logical procedure for determining heating plant 
requirements for walls subject to direct transmission 
appears to be as follows: 

1. Select the inside air temperature to be maintained. 

2. Consider the outside weather conditions to be expected. 
This includes the minimum temperature, length of time these 
temperatures prevail, maximum wind velocities, and direction to 
be expected. 

3. Consider the thermal properties of the structure and select 
proper outside temperatures and conductivity coefficients to be 
used in the design of heating plant. From these data, calculate 
by well-known formulae the total amount of heat by direct trans- 
mission. Such a procedure needs no factor of safety or exposure 
factor, providing the proper care is used in selecting the coeffi- 
cients. 


TaBLeE 1—ComparIsON BETWEEN WALLS IN Fics. 1 AND 2 FoR 
Stitt Arr AND A 35-mMpH WIND VELOCITY 








fe fe Tamp. U U Percent 
Wat Sr 35-MiLe Dror Sri 35-Mitz INCREASE 

Am Winn Am To Am Am Wino mU 
Fig. 1 1.5 8.0 70 0.15 0.163 8.67 
Fig.2 | 1.5 8.0 70 0.75 1.26 | 68.0 
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The loss of heat by infiltration is an entirely different 
loss than that by direct transmission and requires a dif- 
ferent treatment. The amount depends upon the size of 
the cracks around the windows and doors, the construc- 
tion of the walls, the wind velocity and direction on the 
outside of the building, and, to a certain extent, the ex- 
posure. The losses due to infiltration have in the past 
been the most uncertain part of the problem, and have 
often been very high, especially under heavy wind con- 
ditions. This uncertainty has led to the use of exposure 
factors which, on the windward side of the building, 
have at times run as high as 40 per cent. Such exposure 
factors can only be justified by the lack of knowledge 
which has existed in regard to these losses. They are 
an admission that something has been omitted in the 
design, and this has usually been the effect of high wind 
velocities on increasing the air infiltration. Wind veloci- 
ties have been assumed which are too low and the amount 
of air leakage into the building has been under-esti- 
mated. With data which are now available, it is possible 
to determine more accurately the losses by infiltration, 
and, therefore, there is less need to use exposure factors. 


Conclusions 


In conclusion, consider the five specific parts of the 
problem as outlined on page 601 for determining the heat 
loss from buildings: 

1. The air conditions required within the building 
relate largely to air temperatures unless ventilation is 
required in which the heat loss through this channel 
should be considered as a separate part. With heating 
units which give good distribution of temperature from 
floor to ceiling, it should be reasonable to assume 70 F 
as the average temperature of the air within the room. 
If, however, heating units are to be used which give 
variations of 20 or more degrees from floor to ceiling, it 
will then be necessary to use higher average wall tem- 
peratures and especially higher temperatures for ceilings 
which are exposed. 

2. The outside air conditions to be expected constitute 
one of the most difficult parts of the problem. This .in- 
cludes the minimum temperatures, wind velocities, the 
effect of sunshine on the building, temperature changes, 
and exposure. The minimum temperature and the direc- 
tion and velocity of the wind may be obtained from the 
Weather Bureau records for most cases. The most dif- 
ficult part of the problem, however, is to determine the 
maximum combined effect of temperature and wind ve- 
locity for any one period. As previously pointed out, 
wind velocity affects heat transmission through the wall 
by changing the outside surface coefficient, which may 
make a rather high percentage of differences for poorly 
insulated structures. Wind velocity has a direct effect 
on infiltration, and for high wind velocities, the infiltra- 
tion losses of poorly constructed buildings may be 
greater than the direct heat transmission losses. Com- 
plete information on this subject should give the maxi- 
mum wind velocity and direction to be found for any 
temperature condition during the heating season. It 
would then be possible for the designer to determine the 
maximum requirements for the building. The effects of 
sunshine and temperature change may be of less impor- 
tance in determining the maximum load on the heating 
plant than they are for determining the maximum load 
on the cooling plants for summer conditions. They are, 
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however, very important factors in determining maxi- 
mum requirements. They must be considered in con- 
junction with heat capacity of the structure as previously 
explained. 

3. The heat transmission, through various types of 
construction, has received a great deal of attention and 
a great deal of data are available, covering different types 
of wall construction. It is true that the greater part of 
the coefficients have been considered from the point of 
constant temperature differences, whereas the maximum 
load on the heating plant may be greatly affected by the 
heat capacity of the wall and the duration of low tem- 
peratures to be expected. This part of the problem 
needs more thought and research. A consistent study of 
the weather bureau records is also necessary in order to 
determine the proper outside temperatures to use with 
walls of different thermal properties. 

4. The air infiltration losses have probably caused 
more failures and have been more difficult to determine 
than any other part of the problem, except, perhaps, 
the outside weather conditions to be expected, This is 
natural, as there are so many factors involved. With 
proper construction, however, these losses may be greatly 
reduced, and, from data now available, may be very 
closely determined. The data which are now most needed 
may be obtained from a comprehensive analysis of the 
weather bureau records to find the: wind velocity and 
direction which may expected at different temperature 
ranges. Losses can then be accurately determined, but 
any failure to determine them cannot be scientifically 
taken care of by an exposure factor, as there is no logical 
reason for applying such an exposure factor on one side 
of the building more than on any other, excepting for the 
reason that proper coefficients were not selected. 

5. The quality of construction which may be ex- 
pected, may play a very important part in the heat losses. 
It will affect both the direct transmission losses and the 
air leakage losses. The most logical method of allowing 
for this seems to be to take it into consideration when 
selecting the transmission coefficients and infiltration fac- 
tors. If any factor of uncertainty were to be applied to 
the calculations, this would seem to be the most logical 
point of application. 

Wind velocities and temperature gradients have two 
distinct effects on the amount of heat loss from a build- 
ing. Wind velocity affects transmission by changing the 
outside surface coefficient of the wall. For well insulated 
walls, it will have but little effect, while for thin, highly 
conductive walls, it may have a very appreciable effect. 
Temperature differences affect the transmission in direct 
proportion to the differences. There is no relation be- 
tween the two which will fit all cases. 

Take as an illustration the two walls of Figs. 1 and 2. 
For reasonably still air, the outside surface coefficients 
are 1.5, and for wind velocities of 35 mph, they will be 
about 8.0. Under these conditions, the conductivities for 
a temperature drop of 70 F to zero, would be as shown 
in Table 1. From these results, it is evident that no 
factor will correlate wind velocities and temperature 
differences. 

The factors which at present seem to require more 
information in the problem of calculating maximum heat- 
ing plant requirements are: first, a more comprehensive 
study of weather bureau records; second, a definite 
recognition of the heat capacity of walls. 

















Sizing Pipes and Orifices for Gravity 
Hot Water Heating Systems 


This paper is the result of research conducted at the Engineering Experiment Station of Texas Agricultural and 
Mechanical College in cooperation with the AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS. 


By Elmer G. Smith’, College Station, Texas 
MEMBER 


SET of tables intended for use~in designing grav- 

ity circulation hot water heating systems for resi- 

dences and other buildings of small or moderate 
size, was presented by the writer at the 36th Annual 
Meeting of the AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS, in Philadelphia, Pa., January, 
19307. After a careful analysis of these tables, the Tech- 
nical Advisory Committee on Pipe Sizes for Heating 
Systems (1930-31) came to the conclusion that the pipe 
sizes obtained by means of them would result in systems 
too costly for general use. It was therefore decided to 
continue the investigation in order to develop another 
set of tables by which smaller and more economical pipe 
sizes could be obtained. It also seemed desirable to re- 
vise the orifice formula so that it would give more accu- 
rate results for small “radiators.” In order to reduce 
pipe sizes without reducing radiator efficiencies it was 
necessary to reduce safety factors, and to reduce safety 
factors without jeopardizing circulation required much 
more accurate calculations than those upon which the 
first tables were based. 


Every effort has been put forth to make the tables 
presented in this paper as practical as possible. The 
present study covers bare mains. A study of insulated 
mains has not yet been made, but it seems probable that 
these data will give satisfactory results if the insulation 
has a low efficiency. It is not necessarily true that a 
system having covered mains is better than a system 
having bare or partly covered mains. The bare mains 
not only contribute considerable heat to the basement 
but also by warming the basement ceiling they help to 
heat the first story and make it more comfortable. 

Where basement “radiation” is required it is essential 
that a ceiling type of “radiator” be used and connected 
in a definite manner as explained later in this paper. 


Definitions 


In order to avoid confusion, the following terms which 
are used in this paper, have the definitions indicated : 


Riser. A vertical pipe. 
Boiler Uptake. A vertical pipe leading up from a boiler outlet 
to a supply main or header. 


' Assistant Professor of Physics, Texas Agricultural and Mechanical 
College. 

2See Pipe and Orifice Sizes for Small Gravity Circulation Hot Water 
Heating Systems, by Elmer G. Smith [Journat of the Society (Heating, 


Piping and Air Conditioning), February, 1930]. 


For presentation at the Semi-Annual Meeting of the American Society 
or HEATING AND VENTILATING ENGINEERS, Swampscott, Mass., June 1931. 
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Boiler Return. A vertical pipe leading down from a return 
main to a boiler inlet or header. 

Supply Mains. 
uptake to the supply “radiator” or riser branches. 


The horizontal piping leading from the boiler 
Return Mains. The horizontal piping leading from the return 
“radiator” or riser branches to the boiler returns. 

Supply Riser Branch. 
main to a supply riser. 


The piping which connects a supply 
Return Riser Branch. The piping which connects a return 
riser to a return main. 

Supply “Radiator” Branch. 
supply main or riser to a “radiator.” 

Return “Radiator” Branch. 
“radiator” to a return main or riser. 

Expansion Pipe. 
the expansion tank. 


The piping which connects a 


The piping which connects a 


The piping which connects the system to 
Overflow, The piping which connects the top of the expansion 
tank to the sewer or other means of drainage. 

Circulating Pipe. The piping which connects the expansion 
tank to the bottom of the boiler or to some part of the return 
piping. 

Vent Pipe. 


to the atmosphere in order to prevent syphoning the system. 


The pipe at the top of the overflow which is open 


Although the tables contained in this paper were cal- 
culated primarily for use in connection with systems 
having open expansion tanks, they can. also be used for 
closed systems. An open expansion tank system de- 
signed according to these tables and operated at its maxi- 
mum capacity should show an average temperature dif- 
ferential of about 30 deg for the “radiators,” being 
higher than this for “radiators” close to the boiler and 
lower for “radiators” far from the boiler. Under these 
conditions the temperature differential at the boiler 
should be about 40 deg in an average installation.. When 
a system is being operated at less than its maximum 
capacity the temperature differentials will all be lower 
than the calculated values but their relative values will 
be about the same. On the other hand, if a system is 
put under pressure and made to operate at a capacity 
greater than would be possible for a similar open sys- 
tem, the temperature differentials will all be somewhat 
higher than for the open system. 

From this it can be seen that if the pipe and orifice 
sizes for a closed system are selected on a basis of,the 
“radiation” actually used, the system will operate at a 
higher temperature differential than would an open sys- 
tem, and the blow-off valve will have to be set to main- 
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tain a pressure of at least 15 lb per square inch at the 
top of the highest “radiator” when the system is being 
operated at its maximum capacity. 

If, on the other hand, the pipe and orifice sizes are 
selected as if for an open system and only the sizes of 
the “radiators” reduced, the system will operate at about 
the same temperature differential as an open system. In 
this case the blow-off valve can be set to maintain a 
pressure of 10 lb per square inch at the top of the high- 
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exposed and the mains running less than one foot above 
a cold floor. There was no flooring or ceiling above the 
mains such as there would have been in an ordinary 
building. Consequently, the cooling of the water in the 
mains was greater than it would have been under aver- 
age conditions. In the remaining tests the “radiators” 
and risers were backed on one side by wall board (See 
Fig. 2) in order to approximate the effects of a wall, 
and the mains were partly covered by wall board as 


July, 1931 




















or EXPERIMEN- 
‘Le. w TAL PLANT 
est “radiator” when the system is being operated at its 
maximum capacity. 

The first method makes the cost of installation less 
and gives smaller heat losses in the basement, which 
makes it more suitable for a system having bare mains. 
However, the second method is less likely to cause 
trouble by leaking because of the lower pressure and 
lower maximum temperature of the supply piping. 


Results of Tests on a Three-Story Experimental 
Plant 

The platforms and “radiators” used to test these 
tables were the same ones that were used to test the 
tables submitted in the original paper on this subject.? 
The converter used to heat the water for the system was 
altered in order to reduce its internal resistance. Even 
after the alterations, the internal resistance of this con- 
verter may have been higher than that of an ordinary 
“boiler” having the same size outlets and inlets, but the 
difference was not enough to be serious. The sizes of 
the pipes and orifices were changed to correspond with 
those given in the new tables. The layout of the ex- 
perimental plant is shown in Fig. 1. “Radiators” No. 16, 
No. 26, and No. 36 are not a part of the system as orig- 
inally designed and were used principally to determine 
the effect of overloading and to permit one large “radia- 
tor” (No. 16) to be substituted for the three small ones 
on the end of the line (No. 15, No. 25, and No. 35). 
There was no insulation on any part of the mains, risers, 
riser branches, or “radiator” branches during any of 
these tests. 

The first test on this system was run with the “radia- 


tors” standing on the scaffold with both front and back 

*See Pipe and Orifice Sizes for Small Gravity Circulation Hot Water 
Heating Systems, by Elmer G. Smith [Journat of the Society (Heating, 
Piping and Air Conditioning), February, 1930]. 
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illustrated in Fig. 3. The wall board was applied loosely 
with numerous holes around risers and scaffolding, and 
one end was left open so that the enclosure would not be- 
come too hot. This may not hiz.ve closely simulated aver- 
age basement conditions but it at least provided a warm 
ceiling with a cool floor and only a moderate amount of 
convection. The results of these tests are given in 
Table 1. 

In the first test, the “radiators” and pipes were ex- 
posed much more than they would have been in an ordi- 
nary building. The hottest “radiator” was No. 23 with 
an average temperature of 167% F, and the coolest “ra- 
diators” were Nos. 25 and 35, each of which had an 
average temperature of 155 F, a difference of 12% deg. 
However, the heat dissipated per square foot of equiva- 
lent “radiation” was practically the same for all three of 
these “radiators” because No. 25 and No. 35 were each 
only five-section “radiators” while No. 23 was a 27-sec- 
tion “radiator.” The “boiler” was intended to operate 
on a 40-deg differential and on the first floor the tem- 
perature differentials were intended to be about 37% 
deg in section 1, about 34% deg in section 2, about 
291% deg in section 3, and about 22% deg in section 4. 
Also, the “radiator” temperature differentials were in- 
tended to decrease as the heights of the “radiators” 
above the “boiler” increased. Most of the observed tem- 
perature differentials were reasonably close to their cal- 
culated values, but the temperature differential of the 
“boiler” was considerably too large. This may have 
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July, and Air Conditioning 
Taste 1—ReEsutts oF TESTS ON EXPERIMENTAL PLANT 
First Test: No basement ceiling or walls. Expansion tank open. Readings taken 3 hours after starting. 

Radiator Number.................. Boiler} 11 12 13 14 15 21 22 23 24 25 31 | 32 33 34 35 
Supply Temperature................ 1904) 186 182 176 179 17044) 18434! 18044) 181 178 167 181 177 179 169 163 
Return Temperature................ 144 145 149 145 152%) 147 150 146 154 155 143 141 14344) 151 15044| 147 
Average Temperature.............. 16734) 16534) 16544) 16014) 16534) 15834) 16734) 16344| 16734] 16644) 155 161 16044) 165 15934) 155 
Temperature Differential............ 563s] 41 | 33 | 32 | 263] 2334] 3434] 3435] 27 | 23 | 24 | 40 | 3336] 28 | 1834] 16 

Air Temperatures: First floor 59 F, Second floor 60.5 F, Third floor about 61 F. 

Second Test: Basement ceiling and walls simulated. Expansion tank open. Readings taken 2% hours after starting. 
Radiator Number.................. Boiler) 11 | 12 | 13 | 14 | 15 | 21 | 22 | 23 | 24 | 25 | 31 | 32 | 33 | 34 | 35 
Supply Temperature...............: 188 186 182 178 179 172 18544/ 181 182 17934} 169 181 177 179 170 164 
Return Temperature................ 146 146 152 152 156 152 153 151 158 159 151 145 140 153 159 149 
Average Temperature...............| 167 | 166 | 167 | 165 | 16734) 162 | 16934) 166 | 170 | 169%! 160 | 163 | 15834) 166 | 16434) 156% 
Temperature Differential............ 42 40 30 26 23 20 3244) 30 24 20%) 18 36 37 26 1h | 15 




















Air Temperatures: First floor 71 F., Second floor 69.5 F. 


Third Test: Basement ceiling and walls simulated. Expansion ta 
20 Ib per square inch at the expansion tan 


nk closed. Maximum pressure 30 Ib per square inch at gage, or 


k. Readings taken 3% hours after starting. 
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Radiator Number.................. Boiler} 11 12 | 13 14 15 21 22 23 24 25 31 32 33 

Supply Temperature................ 256 | 249 | 245 | 240 | 24234) 234 | 247 | 244 | 245 | 242 | 229 | 245 | 243 | 24234) 231 | 223 

Return Temperature................ 20134) 194 20434; 208 216 | 20844) 19844) 203 215 215 | 202 | 21134) 207 212 213 20414 

Average Temperature............... 22834) 22134) 22434| 224 | 22914) 22134] 22234/ 222 | 230 | 22814) 2164) 22834/ 225 | 227 | 222 | 213% 

Temperature Differential............ 5534] 55 41%) 32 2634) 26 48%) 41 30 27 | 27 | 34%) 36 3034 18 | 18% 
Air Temperatures: Basement 79 F, First floor 69.5 F, Second floor 70.5 F, Third floor 76 F. 

Fourth Test: Basement ceiling and walls simulated. Expansion tank open. Readings taken 344 hours after starting. 
Radiator Number................. Boiler | 11 12 13 14 16 21 22 23 24 31 32 33 34 
Supply Temperature............... 204 200 197 19214 | 19314 | 189 199 19414 | 194% | 192 196 193 19344 | 186 
Return Temperature............... 161% | 161 168 164 171 16344 | 166 161 170% | 171 166 166 16634 | 168 
Average Temperature.............. 182% | 18044 | 182% | 178% | 182% | 176% | 18234 | 177% | 18234 | 181% | 181 179% | 180 177 
Temperature Differential........... 42% | 39 29 28% | 22%) 25%) 33 333g | 24 21 x am 7 7 | ‘18 

















Air Temperatures: Basement 86 F, First floor 84 F, Second floor 82 F 


, Third floor 86 F. 





Fifth Test: A continuation of fourth test. Expansion tank closed. Maximum pressure 25 Ib per square inch at the gage, or 15 Ib 
per square inch at the expansion tank. Readings taken 3% hours after closing expansion tank. 

Radiator Number................. Boiler | 11 12 13 14 16 21 22 23 24 31 32 33 | «34 

Supply Temperature............... 25144 | 244 241 236 238 233 243 239 239 237 238 237 236 | 227 

Return Temperature............... 199 191 198 203 212 202 197 196 20944 | 211 20734 | 204 206 209% 

Average Temperature.............. 225% | 217% | 219% | 219% | 225 217% | 220 217% | 224% | 224 22234 | 220% | 221 | 217% 

Temperature Differential........... 52%, | 53 43 33 26 31 46 43 29% | 26 31% | 33 30 | 17% 














Air Temperatures: Basement 84 F, First floor 77 F, Second floor 76.5 


been partly due to the fact that the “boiler” resistance 
was a little too high but it seems probable that it was 
due principally to excessive heat losses from the mains 
which are usually located just under the cellar ceiling 
where it is hot, instead of just above a floor where it 
is cold. 

The “radiator” temperature differentials ranged from 
41 deg for No. 11 to 16 deg for No. 35, becoming less 
as the distance from the “boiler” increased. This was 
the result of a deliberate effort to secure uniform aver- 
age “radiator” temperatures. 

In the second test the “radiators” were shielded on 
one side by wall board as shown in Fig. 2, and the mains 
were shielded in a manner somewhat similar as shown 
in Fig. 3. In this test, all the temperature differentials 
were satisfactorily close to the calculated values. The 


temperature differential of No. 34 was too low, but 
since it was approximately correct in all the other tests, 
it seems probable that there was an error in reading one 
f the thermometers. 





F, Third floor 83.5 F. 


In both the first and second tests, it required about 
10 min for the water to travel the length of the mains, a 
distance of 98 ft. This corresponds to a speed of about 
10 ft per minute. Sixteen minutes from the starting 
time every “radiator” had begun to receive hot water. 
Twenty-eight minutes from the starting time all the 
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“radiators” were filled with hot water and by forty-five 
minutes from the starting time the average temperature 
of every “radiator” was above 140 F. The average tem- 
peratures of some of them were above 150 F at this time. 

The third test was run with the expansion tank closed 
and the steam pressure on the converter raised from 
18 Ib per square inch to 65 lb per square inch. No 
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blow-off valve was provided but whenever the water 
pressure went above 30 lb per square inch, gage, the 
drain was opened until this pressure had fallen to 28 lb 
per square inch. The rate of heating up was more rapid 
than in the first test and at the end of an hour the av- 
erage temperature of the system was 200 F. At this 
time the water was leaving the heater at 223 F, and re- 
turning at 169 F. When the system reached equilibrium, 
the hottest “radiator” was No. 23 with an average tem- 
perature of 230 F. The coolest “radiator” was No. 35 
with an average temperature of 21334 F, a difference 
of 16% degrees. However, the coolest “radiator” hav- 
ing more than five sections was No. 11, which had an 
average temperature of 221% F, so that when a correc- 
tion is made for the higher efficiencies of small “radia- 
tors,” it is found that the actual maximum difference in 
rate of heat emission corresponds to a temperature dif- 
ference of 8% deg which is very small for such high 
“radiator” temperatures. 
A small “radiator” located on the end of a line is 
always likely to circulate poorly and should be avoided 
whenever possible. The experimental plant was erected 
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in this manner in order to make certain that the tables 
would give reasonably good results even when the ar- 
rangement of the “radiators’’ was such as to make good 
circulation difficult. 

In order to find out what might be expected from a 
more normal installation the risers carrying “radiators” 
No. 15, No. 25 and No. 35 were cut out and “radiator” 
No. 16 was connected in their place. Since the total 
rating of the disconnected “radiators” was only 42% 
sq ft, while the rating of No. 16 was 75 sq ft, this con- 
stituted a slight overload upon the mains, but since the 
overload amounted to less than half the rating of the 
last first-floor “radiator” (No. 16), no serious conse- 
quences were anticipated. The fourth test was then run 
with this set-up. When equilibrium had been estab- 
lished, the hottest “radiators” were No. 12, No. 21, 
and No. 23, each of which had an average temperature 
of 182% F. The coolest was No. 16 with an average 
temperature of 176% F, a difference of 6 deg. Appar- 
ently the only effect of the overload was to increase the 
temperature differential of “radiator” No. 16 from the 
calculated 22% deg to 25% deg and thereby to lower 

its average temperature by 1% deg. 

. As soon as the fourth test was completed 
the fifth test was started by simply closing the 
expansion tank vent and raising the steam 
pressure on the converter to 65 lb per square 
inch. When the system had again come to 
equilibrium, it was found that the hottest 
“radiator” was No. 14 with an average tem- 
perature of 225 F. The coolest were Nos. 11, 





16 and 22, each of which had an average 
temperature of 217% F. The temperature 
difference between the hottest “radiator” and 
the coolest was therefore 7% deg. During this 
test the pressure at the gage was never higher 
than 25 lb per square inch, which means that 
the pressure at the expansion tank never went 
above 15 lb per square inch. 
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Types of Piping to Which Tables Apply 


The types of first floor “radiator” branches 
to which these tables are intended to apply are 
illustrated in Figs. 44 to 4L, inclusive. The 
types of branch shown in Figs. 44, D, G and 
J probably give somewhat better circulation 















































through the radiator than any of the others 
and those shown in Figs. 4B, E, H and K 
probably give slightly better “radiator” circu- 
lation (higher average radiator temperature ) 
than those shown at C, F, J and L. Also, the 
high supply connection places the valve in a 
convenient position where it is not necessary to 
stoop to operate it. On the other hand, the 
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Fics. 4A to 4N—First-Fitoor Rapiator CoNNECTIONS TO WHICH TABLES 


Are INTENDED To APPLY 


low supply connection takes longer to become 
air bound than the high supply connection. 
Two possible methods of connecting base- 
ment “radiators” are shown at Figs. 4M and 
4N. These connections contain more elbows 
than are necessary but if fewer elbows were 
to be used for basement “radiators” than for 
first floor “radiators,” it would complicate the 
tables and this did not seem to be advisable. 
For basement “radiators” it is always advisable 
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Fics. 5A to 5C—MeEtTHOops 
oF CONNECTING RADIATORS 
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Fics. 6A to 6D—Metuops 
oF RUNNING LATERALS 


to keep the supply radiator branch above the return radi- 
ator branch. The connections shown at Fig. 4M are bet- 
ter from the standpoint of circulation because the supply 
branch is higher and shorter, but the valve is easier to 
reach in Fig. 4N. The connections to the mains are 
usually made as illustrated in Figs. 44, B and C, but the 
method shown in Figs. 4D, E and F is just as good 
except that the return branch is not quite as flexible. 

In using the connections shown in Figs. 4D, E and F, 
it is important to note that the supply main must be far- 
ther from the “radiator” than the return main in order 
that the connection to the supply main may be vertical 
and to the return main horizontal. Close to the “boiler,” 
this precaution may be disregarded, but in connecting 
“radiators” near the ends of the mains, it is important. 
The connections shown in Figs. 4G, H and IJ are ex- 
tremely flexible and should be used whenever the “ra- 
diator” riser passes through a tight slot or hole that will 
not permit it to move freely. This is especially impor- 
tant near an elbow in the mains because at such places 
the mains move toward and away from the wall as well 
as parallel to it. The connections shown in Figs. 4/, 
K, L give better circulation through the mains than any 
of the others because the velocity heads are not entirely 
lost as the water enters and emerges from the “radiator” 
branches, but the large Y connections may be difficult 
to obtain and the connection as a whole is not quite as 
flexible as some of the others. 

It is expected that the length of a “radiator” branch, 
measured horizontally from the mains to the “radiator” 
will normally be about 4 ft. If this distance is more 
than 8 ft it is advisable to use the orifice and pipe sizes 
that are ordinarily required for the next larger “ra- 
diator.”’ 

The methods of connecting the “radiators” on floors 
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higher than the first are shown in Figs. 54, 5B and SC. 
Any other type of connection containing approximately 
the same number of elbows and having the same vertical 
flexibility is equally satisfactory. It is expected that on 
the average a “radiator” will be about 4 ft from its 
risers. As in the case of the first-floor “radiators,” it 
is good practice to use the orifice and pipe size ordinarily 
required for the next larger “radiator” when the “ra- 
diator” is more than 8 ft from the risers. 

It is usually advisable to anchor or support a riser at 
the point where the second floor “radiator” branches 
enter it. This allows for a considerable amount of hori- 
zontal flexibility at the base of the riser where it joins 
the riser branch and at the same time prevents any ap- 
preciable vertical motion at this point. 

The riser branches should be installed according to 
Figs. 6A, 6B, 6C or 6D. When the riser branch is 
larger than the riser the change should be made by 
means of a reducing elbow at the foot of the riser. 
That is, all the fittings must be in the branch and none 
in the riser. This is important. 

The mains may be run either side by side as in Fig. 
7A, or the supply main may be placed directly above the 
return main, as in Fig. 7B. The side-by-side arrange- 
ment gives more head room but the supply-main-above 
arrangement makes it easier to connect branches and 
also insures somewhat more stable circulation. Either 
arrangement, however, is entirely satisfactory, provided 
the remainder of the installation is properly made. The 
return main should never be run above the supply main 
as this might cause instability. 

In calculating the capacities of the mains, allowance 
was made for four elbows in each main. This number 
should not be exceeded unless compensated by the use 
of larger pipe. Elbows located so near the end of the 


Pitch finch in W0 feet Pitch finch in 10 feet 
OO Onna 
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Fics. 7A AND 7B—ARRANGEMENT OF SUPPLY AND 
RETURN MAINS 


line that they affect only one “radiator” can usually be 
neglected, but elbows near the “boiler” are very impor- 
tant and should be avoided whenever possible. If it is 
necessary to locate more than one elbow in each main 
near the “boiler,” the best plan is to use larger fittings. 
One size larger will permit two elbows instead of one 
and two sizes larger will permit four. It should be 


remembered that a tee is equivalent to 2.2 elbows. Tees 
should therefore be avoided whenever possible. The 


elbows or reducing elbows at the tops of the “boiler” 
uptake and “boiler” return are included in the “boiler” 
connections and need not be considered when counting 
the elbows in the mains. 

The best method of connecting the “boiler” uptakes 
and returns is shown at Fig. 84. The connections 
shown in Figs. 8B and 8C also give good results. The 
connections shown at Fig. 8D are acceptable provided 
the line contains not more than three elbows per main, 
none of which should be close to the heater. Since the 
mains are usually smaller than the main heater risers, 
the elbows at the tops of the “boiler” uptakes and re- 
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' , RRS turns will usually be reducing elbows. There is, of 
fapansion Pipe T course, considerable latitude in the location of the cold- 

water feed and the drain but there is probably a little 
less danger of air binding if the cold-water feed as well 
as the drain is located near the bottom of the “boiler” 
because the air driven out of the water by the heat will 
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have more time to collect in large bubbles before leaving 
the “boiler” and will therefore be more likely to be 
caught by the expansion pipe and kept out of the “ra- 
diators.” 

The expansion pipe connections shown in Figs. 84, 
8B, 8C and 8D are good because they are located so as 
to divert from the “radiators” a large portion of the air 
that is driven out of the water in the boiler. Frequently 
the expansion tank is located in such a cold place that it 
must be protected from freezing by circulation and in 
this case a return line or circulating pipe from the ex- 
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pansion tank, preferably to the bottom of the “boiler,” 
is required. 

If the expansion tank is located at the top of a riser 
and connected to both the supply and return it should be 
treated as a “radiator” and orificed. The risers should 
be sized to carry their load of “radiators” plus another 
“radiator” as large as the expansion tank orifice would 
carry. If this is not done the pressure difference be- 
tween the risers may be so reduced that poor circulation 
will result. The expansion tank connections shown in 
Figs. 9A and 9B are good because if the overflow is 
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Fics. 9A anp 9B—Expansion TANK CONNECTIONS 
nearly straight and vertical the reducing tee prevents any 
possibility of overflow even when the vent pipe is very 


short. 
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General Procedure in Designing a System 


For convenience the process of designing a gravity 
hot water system may be divided into ten steps, as fol- 
lows: 

Step 1. 

Select the “radiator” sizes so that each “radiator” shall be 
required to deliver the same number of Btu per equivalent square 
foot. The maximum amount of heat required from each “radi- 
ator” should not exceed 150 Btu per equivalent square foot for 
open systems. For closed systems the maximum should not ex- 
ceed 216 Btu per equivalent square foot. “Radiators” should b 
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located under windows whenever possible. A “radiator” under 
each window is the best arrangement when comfort takes prece- 
dence over cost. 

Step 2. 

Make the layout using only such arrangements of piping as are 
illustrated in Figs. 4 to 9, but do not attempt to select pipe 
sizes at this point. As far as possible place a large “radiator” 
on the end of each line. 

Step 3. 

Check the layout to make sure that the mains do not contain 
more than four elbows each, neglecting the one bteween the last 
two “radiator” or riser branches on the line, if such a one occurs. 
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Step 4. 
Check the layout to see that there is not more than one elbow 
per main near the “boiler” unless the plan of the building is such 
as to make more than one absolutely necessary. 


Step 5. 

Measure the length of the longest line from the “boiler” uptake 
to the farthest end. Divide this length by seven and arrange the 
line in four sections, as follows: 

Section 4: the 1/7 of the line farthest from the heater. 

Section 3: the 2/7 of the line next to section 4. 

Section 2: the 2/7 of the line next to section 3. 


















Taste 3—CApPAciTIES oF SMALL Risers AND Riser Brancues. (Pipe Sizes 
FOR THE BRANCHES THE SAME AS FOR THE RISERS) 

































nected to the “boiler.” The height above the mid-point of the 
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TasBLe 4—Capacities oF LARGE RISERS AND RISER BRANCHES. 
LARGER THAN FOR THE RISERS) 


to the middle of the supply main at the junction of this main 
“boiler” in feet is the vertical distance in feet from the average with the “boiler” uptake. The return main may be either on 
height of the “boiler” openings to the average height of the the same level with the supply main or below it, but the return 
“radiator” openings. Thus, the mid-point of the “boiler” is main must never be above the supply main. 


DISTANCE FROM MID-POINT OF BOILER TO LOWEST POINT OF SUPPLY MAIN 3F T-4FT. 


DIsTANcE FRoM Mip-Pornt or HEATER TO Lowest Pornt or Suppty Main 4 Fr.-5 FT. 
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usually considerably above the actual middle of the 
“boiler,” and the measurement should be made either 
to the middle or the bottom of the “radiator,” depend- 
ing on whether the high or low supply connection is 
used. It will usually be found most convenient to 
begin with the “radiators” in section 4. 

Step 7. 

If the installation is more than one story high, select 
the proper sizes for the risers from Table 3 or Table 4 
depending on the capacity required. Include the expan- 
sion tank unless it is separately connected to the 
“boiler.” 


Section 1: the remaining 2/7 of the line lying between section Step 8. 
2 and the “boiler.” Select the sizes for the mains by means of Table 5 using either 
Step 6. the simple or the more accurate method. The Distance from Mid- 


Select the proper sizes of “radiator” branches and orifices from point of “Boiler” to Lowest Point of Supply Main is the vertical 
Table 2. Include the expansion tank unless it is separately con- distance in feet from the average height of the “boiler” openings 
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Step 9. 
If there is more than one elbow per 7% 


Heating-Piping 
and Air Conditioning 


613 


















































main close to the “boiler,” increase the gi" @ . pe ” 
size of this portion of the mains as fol- 7 7 ae == ~ 
lows: z éh di] x ® ’ @ 
a. For two elbows per main use one size Be} B lo7 are ce r 
i i 2i Pisce fj Riser A"*® 
larger than given in tables. 4 Miseage | te. 
b. For three or four elbows per main use pA ss boiler yptane and/ Ms. 24" Boiler Uptake oe 
two sizes larger than given in the @ axite. rn 2 ._ oo i 
tables. al | toh f rs : 
Step 10. a | 
Select the sizes for the “boiler” uptakes @ “1 it Bw |r D 
and “boiler” returns from Table 6. & ‘hes 2 ' 
—- 
‘ ; ee. ee eee ea a 4 
A Simple Method of Selecting Pipe ly ra wr 20 WW 
Sizes for a One-Story Residence f 3 ® 
Fig. 10 represents a layout that has 
been made in accordance with the Fic. 10—Layout _— 
foregoing general procedure, as fol- FoR ONE-STORY a 
RESIDENCE LJ 


lows: 
Step 1. 
It is assumed that the “radiators” have 
been selected and located as specified in step 1 of the General 
Procedure in Designing a System. 


Step 2. 

The piping is to correspond with. the most common practice. 
Thus, the mains are to be side by side as in Fig. 7A. The 
“boiler” uptakes are to be separate as in Fig. 8A. If all the 
risers pass through reasonably large holes and are free to move 
in any horizontal direction, all the “radiators” may be connected 
according to Figs. 4A or 4B, but if No. 2, No. 5 or No. 9 has 
risers passing through snug holes or sleeves, each of these 
“radiators” having such relatively immobile risers should be con- 
nected according to Figs. 4G or 4H. 


Step 3. 

Checking the layout according to step 3, it will be found that 
the longer branch contains five elbows per main, but since the 
last of these occurs between the last two “radiators” on the line 
it may be neglected, which leaves four, the maximum number 
allowable. The right hand branch has four elbows per main 
which is also satisfactory. 

Step 4. 

Checking again according to step 4, it will be found that there 
is only one elbow per main close to the heater which, again, is 
as it should be. 

Step 5. 
The length of the left hand branch is 8 ft + 23 ft + 23% 


92.5 
ft + 18 ft + 13 ft + 7 ft or 92% ft — eer ft. There- 


fore, section 4 consists of the 13.2 ft at the end farthest from 
the “boiler,” section 3 consists of the next 26.4 ft., Section 2 con- 
sists of the next 26.4 ft., and section 1 consists of the remaining 
26.4 ft. between section 2 and the “boiler.” 


Step 6. 

According to step 5, “radiators” No. 7 and No. 6 lie in section 
4 and since the average height of the inlet and outlet is 7 ft. 2 in. 
above the mid-point of the “boiler,” the column headed 7-8 in 
Table 2, Section 4, must be used: Since the values given in this 
table are maximums, the first number larger than 57 must be 
selected. This number is 58.8 and by following the same line 
across the table to the left margin, it will be found that these 
“radiators” each require 1-in. “radiator” branches and a %-in. 
orifice. In Fig. 10, the size of the drill required to bore an 
orifice is indicated by a number within a circle. “Radiator” No. 


’ (33% sq ft) lies in section 3 and by using the column headed 
7-8 in Table 2, Section 3, it will be evident that this “radiator” 
requires }4-in. “radiator” branches and an 11/32-in. orifice. “Radi- 
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ator” No. 4 lies almost exactly on the dividing line between 
section 3 and section 2. Since it is a small “radiator,” it probably 
will be advisable to place it in section 3. This arrangement also 
distributes the “radiation” among the sections somewhat more 
uniformly than would be the case if it were placed in section 2. 
Accordingly, again using the column headed 7-8 in Table 2, 
Section 3, it will be found that 31% sq ft require %4-in. “radi- 
ator” branches and a 21/64-in. orifice. “Radiators” No. 3 and 
No. 2 lie in section 2, and by using the column headed 7-8 in 
Section 2 of Table 2, it will be found that No. 3 (22% sq ft) 
requires %4-in. branches and a %-in. orifice, while No. 2 (63 sq 
ft) requires 34-in. branches and a 7/16-in. orifice. “Radiator” 
No. 1 lies in section 1, and by using the column headed 7-8 in 
Section 1 of Table 2, it is apparent that a 35-sq ft “radiator” 
requires %-in. branches and a 5/16-in. orifice. The foregoing 
data may be expressed in compact tabular form as follows: 








“Raptor” Suse or “Ravt- Secrion oF Sus or Suz or Dart 
NuMBER ator” rn Equrva- Line “Rapiator” REQUIRED TO 
Lent SquareF eer BraNcHEs Bore Oririces 

7 57 4 1 % 

6 57 4 ] by 

5 33% 3 % Ht 

4 31% 3 % # 

3 224% 2 % K 

2 63 2 % ‘ 

1 35 1 % Me 

















The right hand branch is 66% ft long. Section 4 is there- 
fore 9.5 ft long and each of the other sections, 19.0 ft long. 
This places “radiator” No. 10 in section 4, “radiator” No. 9 in 
section 2, and “radiator” No. 8 in section 1. The required sizes 
for orifices and “radiator” branches may again be found from 
Table 2 and tabulated as follows: 























“Raptor” Sus or “Rapt- Section or Sim or Suz or Dans 
NuMBER ator” mn Equrva- Lins “Raputor” | Requmep To 
LENT SquareF eer Brancues Bors Ontrices 
10 75 4 1% # 
9 86% 1 # 
8 60 1 u% % 
Step 7. 


Does not apply to a one-story installation. 
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The simple method of selecting sizes for mains is to apply 
the data in Table 5, and for each part of the line to select the 
sizes that have a capacity equal to or greater than the load 
which that particular part of the line is required to carry. Since 
the lowest portion of the mains is 3% ft above the mid-point of 
the “boiler,” the required data are to be found in the upper half 
of Table 5. The left hand branch is 92% ft long, so the column 
headed 90-100 is used. Thus, the portion of the left hand branch 
lying between “radiators” No. 7 and No. 6 must carry 57 sq ft. 
The first number in the 90-100 column larger than 57 is 67. Fol- 
lowing the line under 67 to either the right or the left margin, 
it will be found that the supply main must be 1% in. and the 
return main must also be 1% in. Proceeding in a similar man- 
ner, the following sizes for all portions of the mains are obtained: 

















“Raptors” Berween Wuicn Requirep Suprty ReTuRN 
Matrns Lie Capacity Sur Sus 
No. 7 and No. 6............. 57 1% 1% 
No. 6 and No. 5............. 114 1% 2 
No. 5 and No. 4............. 147% 2 2 
No. 4 and No. 3......... nae! 179% 2 2 
mes Dene Me B: «068. s.20- 20134 2 2% 
P| SS eee 26434 2% 2% 
No. 1 and Heater............ 29934 2% 2% 
No. 10 and No. 9............ 75 1% 1% 
SF. SS ore 161% 2 2 
No. 8 and Boiler............ 221% 2 2 
Step 9. 


Since there is only one elbow per main close to the “boiler” 
step 9 does not apply. 
Step 10. 

The sizes for the “boiler” uptakes and “boiler” returns are 
obtained from Table 6. Since the left branch carries 29934 sq 
ft of “radiation,” the required size is 2%4-in. The right branch 
carries 221% sq ft and therefore the required size for it is also 
2%4-in. 

In most cases it will be found convenient to combine all of 
the foregoing steps in one table as follows: 








Sise oF Sie oF Gun ov Requm ~ ad 
§ . § Q ep! . “ TILER” 
mend “Rapia- ap “Rapta- Mee wie Capacity uted a Uprakes 
Tor” No.| Tor" IN ToR” FoR | . : AND 
Sq Fr Love BRANCHES — Mains Marrs | Maurs Borer 
Rerurns 
7 57 4 1 56 57 1% 1 
6 57 4 l 58 114 1% 2 
5 3334 3 a # «|: 147% | 2 2 
4 314% 3 34 a 179% 2 2 
3 2244 2 lg \ 20134 2 2% 
2 63 2 a4 % | 264% | 2% 2% 
l 35 1 bg % | 299% | 2% 2's 
2% 
10 75 1% rT 75 1% 1% 
9 86% 2 1 48 161% 2 2 
8 60 1 34 %% 221%} 2 2 
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A More Accurate and Economical Method 


In making an accurate design, steps 1 to 7 are the 
same as for the simple design but in step 8, by using a 
more elaborate method of selecting the sizes of the 
mains, a considerable saving can be made. It will at 
once be recognized that since the pipe sizes recommended 
in the 3 Ft—4 Ft part of Table 5 are satisfactory when 
the lowest portion of the mains is 3 ft above the mid- 
point of the heater, they must be larger than necessary 
when the distance above the mid-point is more than 3 ft. 
In order to aid in the selection of these smaller sizes 
Table 7 has been provided. 

Example. Suppose that a line is actually 100 ft long but that 
the distance from the mid-point of the heater to the lowest por- 
tion of the mains is 3 ft 4 in. instead of an even 3 ft. On the 
3 Ft-4 Ft side of Table 7 under the heading 3 ft-4 in. will be 
found the equivalent length factor 0.891. Consequently, the 
equivalent length of this 100-ft line is 0.891 100 ft or 89.1 ft 
and the sizes may be taken from the 80-90 column of Table 5 
instead of from the 90-100 column of that table and a saving 
usually will result. 

If a still further reduction in pipe sizes is desired, it 
can be obtained provided the designer is sufficiently care- 
ful. The capacities given in Table 5 are the maximums 
that can be carried without exceeding the available fric- 
tion per foot, but whenever any part of the line is carry- 
ing less than its capacity load as determined by Table 5, 
its friction is less than the maximum allowable which 
means that it will be permissible for some other part of 
the mains to carry more than its rated capacity, provided 
the extra friction caused by this excess is equal to or 
less than the friction saved where the load is less than 
the rated capacity. Since the friction in the mains varies 
approximately as the square of the load carried, it is 
very important that this part of the work be done care- 
fully. The friction increase due to a given overload is 
much greater than the friction decrease due to an equal 
underload. 

The general method for designing mains accurately 
may be divided into 4 steps as follows: 

Step 1. 
Find the equivalent length of the line by means of Table 7. 
Step 2. 

Make a tentative selection of pipe sizes from Table 5 using 
the equivalent length of the line and selecting the pipe sizes 
having the capacity nearest to the required capacity. When in 
doubt as to which of two sizes is nearer, choose the larger. 

Step 3. 

Calculate the friction factors for the various parts of the mains, 
making a separate calculation for each part that carries a dif 
ferent load or has different pipe sizes from the adjacent parts 
The friction factor is calculated by means of the following for 


mula: 
| hy 
F=-L—— 
Py 
where 
F = the friction factor. 
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L =the length, including elbow equivalents, of the part of 
the mains being checked. If the supply and return mains are 
not the same length, or do not contain the same number of elbows, 
take the average in each case. The equivalent of an elbow in 
feet of pipe may be taken as twice its nominal diameter in inches. 

C =the capacity of the mains as given in Table 5. 

S = the actual load the mains must carry in equivalent square 

feet. 
Step 4. 

Arrange the positive factors in one column and the negative 
factors in another. If the sum of the positive factors is equal to 
or greater than the sum of the negative factors, the design is 
satisfactory. If the sum of’the negative factors is larger, some 
of the pipe sizes must be increased. Often it is possible to effect 
a considerable saving by being careful in selecting the places 
where the mains are to be overloaded. 


In applying these methods to the left branch of the 
one-story layout of Fig. 10, the steps are as follows: 


Step 1. 

Since the lowest portion of the mains is 3 ft-6 in. above the 
mid-point of the heater, the equivalent length factor is found in 
Table 7 under the heading 3 ft—6 in. This factor is 0.845 and 
since the actual length of the line was previously found to be 
92% ft, the equivalent length is 0.845 « 92.5 or 78.2 ft. There- 

















1 2 3 | q | 5 | 6 | 7 | 8 | 9 

*Rapi- | Friction Factors 

Tors” | Pure Suaxs Lenora | Rarep | LS? L& 
Berween| Loan | or |Caraciry}; — dere 
Waicu (8) Mains (C) Cc me . 

Marys | Suppty | Rervry (L) Posi- Neoa- 

Le TIVE TIVE 
| 

7 57 | 1% | 1% | O%] 75 | 5.48] 4.02 ]....... 
6-5 114 1% 1% 31% a Se a © 0 
5-4 147% 1% 2 12% 147 SE Ma hits ha 0.13 
4-3 179% 2 2 7% 210 5.28  ) Pee 
3-2 201% 2 2 18% 210 17.05 if @ Raper 
2-1 26434 2 2% 144% 261 | ee 0.38 
1-Boiler| 29934 2 2% 16% 261 Fane 5.25 






































fore, the pipe sizes are to be taken from the 70-80 column of the 
3 Ft—4 Ft. part of Table 5. 


Steps 2, 3 and 4. 

These three steps are best arranged in a tabular form similar 
to that to the left, below: 

Several points regarding the foregoing tabulation 
be noted. The first is that in selecting the pipe sizes given 
in columns 3 and 4 the mains nearest the heater were over- 
loaded, that is, the actual load on this part of the mains is 
greater than their rated capacities as given in Table 5. This can 
nearly always be done and usually will save money because it 
reduces the quantity of large pipe needed. 

The second relates to column 5. Since the equivalent of an 
elbow in feet of pipe is twice its nominal diameter in inches, the 
average equivalent for two mains, each of which contains an 
elbow, will be simply the sum of the nominal diameters of the 
two elbows. The numbers in the column in question were ob- 
tained by simply adding to the average length of the mains the 
nominal diameter of each elbow. Thus, the first three numbers 
in this column were obtained as follows: 

7+14%4+14%=>9% 
2844+1%44+14%4=-H1% 
94+1%+2 =12% 

The third point to note is that the calculations have been so 
arranged that the numbers in each column can be obtained from 
the numbers in other columns either by a single slide rule opera- 
tion or by a single subtraction. 

The tabulated calculations for the more accurate design of the 
right branch of Fig. 10 are as follows: 


should 


66.5 & 0.845 = 56.2 EquivALent Lencrn or Brancn 
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Rapta- r ‘ | | LS? 
TORS Pe Size JENGTH “2 

Reel és ye | Ramo | L& . ' 

- |} Loaw |__ a Capacity) c 

Waicr Marines co | a 
Mains Suprty | Rerurn (L) Post- | Neoa- 
Lie | TIve | TIVE 

10-9 7% | 1% | 1% | a15| 87 re 40| 8.10 

9-8 161% | 1% | 2 | 22%] 166 | 21.25] 1.25 

8-Boiler| 221% | 114 2 12% | 166 | 21.75 ).......| 9.250 
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Steps 9 and 10 are the same as for the simple method. 


The pipe sizes for the mains that were obtained by the more 
accurate method are shown in squares on Fig. 10. 
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Branched Line in a Two-Story Residence 


In Fig. 11 is shown the layout of a two-story plant 
that has a branched line. In making the layout it has 
been assumed that the return main is to be run directly 
under the supply main, since this usually is the simplest 
and cheapest method of handling a branch. The “ra- 
diators’”’ are to have the high supply connection of Figs. 
4B and 5B. The riser branches are to be according to 
Fig. 6A and the boiler is to be connected according to 
Fig. 8C. 

In designing a system of this type it is necessary to 
begin with the longer branch. This branch is divided 
into sections just as though the shorter branch did not 
exist. Thus, since it is 65 ft from the top of the “boiler”’ 
uptake to the connections of radiator No. 11, the lengths 
of the sections are as follows: 


65 
Section 4: —— = 9.3 ft 
7 
Sections 3, 2 and 1: 65 & 2/7 = 18.6 ft 


To obtain the lengths of the sections in the shorter 
branch, measure the lengths of both branches beginning 
at the junction and multiply the lengths of the sections 
in the longer branch by the ratio of the length of the 
shorter branch to the length of the longer branch. Thus, 
the distance along the mains from the junction to “ra- 
diator” No. 14 is 26 ft and the distance from the junc- 


r Conditioning 
Section 


tion to “radiator” No. 11 is 55 ft. Consequently, the 
lengths of the sections in the shorter branch are: 

Section 4: 9,3 & 26/55 = 4.4 ft 

Sections 3, 2 and 1: 18.6 & 26/55= 88 ft 

Total length (for purpose of selecting sizes of mains): 65 
26/55 = 30.7 ft. 


The short line at the bottom of the layout is designed 
just the same as for a one-story system. 

In tabulating the calculations for a two-story installa- 
tion, an extra column giving the height of the “radiator” 
above the mid-point of the “boiler” is needed and also 
columns for riser sizes which are sometimes larger than 
the “radiator” branches of second floor “radiators.” The 
tabulated calculations are shown below. 

The method of obtaining the numbers in the first col- 
umn of the tabulation below, particularly the 30.7, 
has already been explained. The numbers in the second 
column correspond to the “radiator” numbers given on 
the layout. The numbers in the third column give the 
section in which each “radiator” lies and the fourth col- 
umn gives the vertical distances from the mid-point of 
the “boiler” to the “radiator.” Since the high supply 
connection is used this distance is measured to the middle 
of the “radiators.” There is a slight variation because 
some of the “radiators” are taller than others. 

The fifth column headed Square Feet for “Radiator” 
Branches contains simply the rating of each “radiator” 
in equivalent square feet. The sixth column headed 
Square Feet for Risers and Riser Branches gives the 
load that must be carried by each riser. In case the 
riser carries more than one “radiator,” the ratings must 
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be added as in the case of “radiators” No. 3 and No. 4. 

The seventh column headed Square Feet for Mains 
contains the load that each part of the mains must carry. 
These loads are obtained by adding successively the 
loads contributed by each pair of riser or “radiator” 
branches where they enter the mains. The remaining 
columns containing orifice and pipe sizes are obtained 
by means of the tables. At the head of each column is 
indicated the table which applies to that particular col- 
umn. 

It will be noted that the supply connection to “radia- 
tor” No. 16 is larger than the main that it joins. This 
is due to the shortness of the line and does no harm. but 
it could have been avoided as will be explained in the 
answer to question 19. 


Economical Method Applied to a Branch Line 


Since it is usually most economical to overload a sys- 
tem close to the “boiler,” it will be advisable in the case 
of a branched line to calculate the part between the junc- 
tion and the “boiler” first, choosing the pipe sizes so as 
to make the total friction factor negative and then to so 
choose the pipe sizes for each branch that each shall have 
a total positive friction factor at least as large as the 
total negative friction factor of the part between the 
junction and the “boiler.” The lowest part of the supply 
main is 344 ft above the mid-point of the heater so the 
equivalent length factor according to Table 7 is 0.845. 

The tabulated calculations are as follows: 


65 x 0.845 = 54.9, equivalent length of 65-ft line. 
30.7 x 0.845 = 25.9, equivalent length of 30.7-ft line. 
30 x 0.845 = 25.4, equivalent length of 30-ft line. 






































Friction Factors 
“Rapia- LS? LS? 
TORS” Pres Sizes LENGTH — wae Bias sae 
Between | Loap oF Voenanien Cc C2 
Waica & je" ae () Pl paecunames vaeae mae 
MAINS Suppty | Return (L) ase Post- Neaa- 
Lr (CC) TIVE TIVE 
Junc.-2 636 | 3 3 6.0 | 665 §.48 | 0.52 ]....... 
2-1 686 3 3 2.5 665 re 0.16 
1-Boiler 711 3 3 3.5 | 665 Ae Ocneanem 0.50 
0.52 | 0.66 
Total 0.14 
11-10 120 1% 1% 20.0 129 17.32 5 | 
10-9 144 1% 2 18.0 166 13.56 & 3) See 
9-8 209 1% 2 1.5 166 _& 5 oe 0.88 
8-7 230 2 2 1.5 242 1.36 Of } 2 
7-6 280 2 2% 3.5 296 2 3 ee 0.59 
6-5 320 2 2% 10.0 296 ok : ae 1.70 
5-4 &3 371 2% 2% 3.5 380 3.34 fy eee 
4&3-Junc.| 428 2% 2% 5.5 380 i | eee 1.49 
7.42 | 4.76 
14-13 93 1% 1% 14.0 119 8.56 5.44 
13-12 192 1% 1% 8.0 172 Be lveisess 1.97 
12-June. 208 1% 2 7.5 230 = 7 eee 1.86 
= | | 5.44| 3.38 





The calculations for the foregoing tabulation are so 
similar to the accurate main calculations for the one- 
story installation that they can probably be readily un- 
derstood without comments. No attempt was made to 
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make a more accurate design for the short line at the 
bottom of the figure because the design was evidently 
already as close as it was practical to endeavor to attain. 


Economical Method Applied to a Branch of Three- 
Story Installation 


The calculations for a three-story installation will be 
illustrated by means of the experimental plant shown in 
Fig. 1. In this case, since the lowest point on the supply 
main is exactly 4 ft above the mid-point of the “boiler,” 
there is no need to use Table 7. Also, for the same 
reason the lower half of Table 5 is used instead of the 
upper half. The friction factor calculations have been 
combined with the other calculations, all of which are 
given in Table 8. 


Methods Used in Calculating 


In making Table 5 giving the capacities of mains, the 
pressure head available at a point 3 ft above the mid- 
point of the heater was first calculated. Ten per cent 
of this was set apart to overcome the friction in the 
“boiler” fittings, including the uptake and return, and 
the elbows that connect them to the mains. Fifteen per 
cent more was set apart to be available at the end of the 
line to make certain that the last “radiator” started in 
the right direction. The remaining 75 per cent was re- 
served for the mains themselves. Allowance was made 
for four elbows in each main. The “boiler” temperature 
differential was taken as 40 deg in order to obtain the 
available pressure head, which was 174x3 or 522 mil- 
inches. To get the friction in the mains, the quantity of 
water flowing through them was taken as the quantity 
that would be required to flow through the “radiators” 
at an average temperature differential of 28.5 deg when 
they were dissipating heat at their full rated capacity. 

After the capacities of the mains having the same 
size supply and return were calculated, the capacities 
of the mixed sizes were calculated by the formula: 

1.905 C, C, 
Cc =——_ 
C,—C, 
where 

C =the capacity of the mixed size. 

C, = the capacity of a line having both pipes the same size as 
the supply main of the mixed line. 

C, =the capacity of a line having both pipes the same size 
as the return main of the mixed line. 

When the capacity of one of the sizes is double that 
of the other, formula (1) is accurate to about 0.2 per 
cent and it is sufficiently accurate for practical purposes 
over a considerably wider range than any for which it 
is likely to be used. 

In order to obtain the pressure heads available for 
the various “radiator” and riser branches the average 
pressure between the mains at a height of 4 ft above 
the heater was computed for each section of the line. 
The pressure heads for the first floor “radiator” branches 
were then computed by adding the head generated in the 
“radiator” circuit to the head present in that particular 
part of the mains. The “radiators” in the first section 
of a line were to run at a temperature differential of 
37.5 deg, those in the second section at 34.5 deg, those 
in the third section at 29.5 deg, and those in the fourth 
section at 22.5 deg. 

After the available pressure heads had been deter- 
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‘radiator”’ 
branches for the first floor “radiators” were determined 


mined, the capacities of the orifices and 


by the formula: 


s=r)/ PH (2) 
pal on | 1—K P 
where 


S =the capacity in equivalent square feet 

T = the temperature differential in degrees Fahrenheit 

H =the available pressure head in milinches of water 

K =the friction head in milinches of water that would exist 
in the pipes and fittings, exclusive of the orifice, if they were 
connected to one equivalent square foot of heating surface oper- 
ating at a temperature differential of one degree. 

0.334 (D—0.046)* d* 


P= (3) 





d*— (D —0.046)* 
where 
D =the diameter of the orifice in inches 
d = the actual internal diameter of the pipe in inches 


From a hydrodynamic standpoint, formula (3) is not 
accurate because it is designed not simply to give the 
quantity of water which must flow through the “radi- 
ator” per second in order to produce a given friction 
head, but to admit a larger quantity of water to a small 
“radiator” or one high above the “boiler” and thus to 
compensate for the greater cooling in pipes that are 
unusually small or long. From the data given in the first 
part of this paper, it can be seen that it accomplished 
this purpose very well in the case of the experimental 
plant. 

The risers in the fourth section have a maximum al- 
lowable friction of 16 milinches of water per vertical 
foot or 8 milinches per foot in each pipe when both 
pipes are the same size. In the third section the riser 


friction is 22% milinches per vertical foot. In the 


=/2 


second section it. is 28 milinches per vertical foot, and 
in the first section it is 32 milinches per vertical foot. 
As in the case of the mains, the capacities for pipes of 
equal size were computed first and the mixed sizes calcu- 
lated by means of the formula: 


1.905 C, C, 





C,—C, 

The friction in the riser branches is held below an 
allowable maximum of 280 milinches in section 4, the 
sizes of one or both of the branches being made larger 
than the sizes of the corresponding risers whenever 
necessary. In the other sections the allowable maximum 
friction is greater but the general method is the same. 
The pressure head across an upper floor “radiator” branch 
cannot be determined as accurately as the pressure head 
across a first floor “radiator” branch because of the 
variable character of the riser friction. Mean values 
were therefore taken and the calculations made by means 
of formula (2). 

Also, since one of the primary objects of these tables 
is to obtain costs as low as is consistent with reliability, 
a great deal of attention had to be given to safety factors. 


Questions and Answers 


Question 1: Why are ceiling “radiators” recommended for use 
in basements whenever basement “radiators” are required? 

Answer: Principally because ceiling “radiators” which lie en- 
tirely above the mains can be listed as an integral part of Table 
2, while some other type of “radiator” would require special 
tables. 

Question 2: Is it not a disadvantage to have tables that require 
so many different sizes of drills? 

Answer: It is, but one means of reducing the safety factors 
required is to figure orifice capacities in small steps. At any 
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rate it probably will never be necessary to buy very many drills 
at one time because the average installation requires only from 
six to twelve different sizes. 

Question 3: Is it worth while to go to all the trouble of mak- 
ing the more accurate design for the mains? 

Answer: It is always worth while to find the equivalent length 
of a line. Whether it is worth while to figure the friction 
factors is questionable. It may be that for small buildings it will 
be more satisfactory to be careful to err on the side of safety 
when selecting the sizes for the mains. The capacities of the 
mains may be exceeded in places but these excesses must be 
small, much smaller than the underloads that are intended to 
off-set them. Also, the length of the line affected should be 
less for the overloaded than for the underloaded portions. How- 
ever, the friction factor method should not be discarded without 
giving it an extended trial. It is much more exact than pure 
guessing and when a slide rule is used, the procedure is compara- 
tively simple. 

Question 4: How often may trouble be expected with systems 
designed according to these tables? 

Answer: There is every reason to expect that circulation trou- 
bles will be almost unknown except in cases where a serious 
mistake has been made. However, no practical tests have been 
made on systems where some of the “radiators” are more than 
30 ft above the mid-point of the “boiler” and it is always pos- 
sible that an untried portion of a table may not work out exactly 
as expected. 


Question 5: What should be done in case trouble does develop? 

Answer: It is usually necessary to place smaller orifices in 
the “radiators” that are functioning satisfactorily. Sometimes 
covering the supply piping will improve conditions, but covering 
the return mains or branches is likely to make matters worse. 
Sometimes it is advisable to take the orifice out of the “radiator” 
that is not functioning properly but the installation of smaller 
orifices in the hot “radiators” is the most reliable remedy. 


Question 6: In case a carefully designed system fails to cir- 
culate properly, what is the most probable cause? 

Answer: Probably some of the orifices have been omitted. The 
omission of some of the orifices is almost certain to cause trouble 
and the omission of only one may sometimes result in serious con- 
sequences. 

Question 7: Will the “radiators” on the end of a line get as 
hot as those near the “boiler”? 

Answer: In a fairly tall building it is expected that the “radi- 
ators” in section 4 will be somewhat hotter than those in sec- 
tions 1 and 2, while in low rambling buildings the “radiators” 
in the sections close to the “boiler” are likely to become some- 
what hotter than those in section 4. 

Question 8: Why was section 4 made shorter than the other 
sections ? 

Answer: Because, in an average system, there is a tendency 
for heating surface to be bunched at the end of a line. Since 
section 4 “radiators” require more water than similar “radiators” 
in other sections, too much heating surface in section 4 might 
overload the mains and cause trouble. This is especially true 
where the mains branch. 

Question 9: Can these tables be extended so as to apply to 
taller buildings ? 

Answer: It seems probable that they can. So far as the writer 
has been able to ascertain, the only limitation upon the height to 
which hot water can be successfully used for heating is the limi- 
tation due to the hydrostatic pressure caused by a high column 
of water, provided proper tables have been developed. 

Question 10: Can these tables be used to design systems having 
welded mains? 

Answer: These tables can be used to design systems having 
welded mains provided the elbows in the mains are of the long 
sweep type and the riser branches and “radiator” branches are 
screwed. If welded riser and “radiator” branches are used there 
is some likelihood that it may be necessary to reduce orifice sizes 
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in order to compensate for the fact that the long sweep welded 
elbows have lower friction than the screwed elbows. 


Question 11. In reference to covered mains, would it seri- 
ously affect the circulation or the balance of a system if the 
supply pipes only were covered for one-story jobs and supply 
piping and return risers only for two- or three-story jobs? 

Answer: On a line where most of the “radiators” are small, 
covering the supply piping would be likely to improve the cir- 
culation. On a multiple-story line having mostly large “radi- 
ators,” it would probably cause the fourth section “radiators” to 
have a slightly higher average temperature than the remainder 
of the system. The average temperature of the system would, 
however, be higher and the temperature differentials lower than 
would be the case were no covering used. To sum up, covering 
all the supply piping and return risers, if any, would probably 
improve some systems and would never have any noticeable 
adverse effect provided the return mains and riser branches were 
left bare. 

Question 12: If it is necessary to locate a small “radiator” on 
the end of a line, is there anything that can be done in design- 
ing the system to insure satisfactory operation? 

Answer: There are certain precautions that can be taken in 
advance and an easy remedy that can be applied later if neces- 
sary. They are as follows: 

1. Be sure that the mains, especially the return main, are large 
enough throughout the entire line. 

2. In the doubtful “radiator,” use an orifice two or three sizes 
larger than called for by the tables. 

3. If necessary, cover all the supply piping leading to the 
“radiator” including both branches and risers, if any, and also 
cover the portions of the supply main where the pipe is small. 

Question 13: Why does a closed system under pressure operate 
at a higher temperature differential than an open system? 

Answer: If the open and closed systems were operated at the 
same temperatures there would be no appreciable difference in 
their temperature differentials, but when the closed system is 
raised to a temperature higher than is ever used for an open 
system, it dissipates heat more rapidly than does the open system 
and consequently its temperature differentials are higher. 


Question 14: In the case of the tests on the experimental plant, 
why were the hottest and coolest “radiators” different when the 
system was closed than when it was open? 

Answer: This was probably due to the fact that the “radiators” 
stood on a scaffold in one large room, with the top floor “radi- 
ators” very close to the ceiling. Under these conditions there 
was a tendency for the air surrounding the top floor “radiators” 
to be too hot, which, in turn, caused the top floor “radiators” to 
come to a higher temperature than they otherwise would have. 
This tendency was much more pronounced with the closed system 
because the high temperature “radiators” heated the air to a 
higher temperature before it rose to the ceiling. Also, when 
the system was operated at high temperatures there was a ten- 
dency for the basement to overheat. The combined effect of 
these two tendencies was to raise the average temperatures of the 
“radiators” on the third floor and in the fourth section of the 
line and, as a result, the hottest and coolest “radiators” were 
not the same ones that had been hottest and coolest when the 
system was operated at lower temperatures. In addition to this, 
the steam pressure on the converter could not be held constant 
and consequently the temperature of the water leaving the con- 
verter was somewhat variable. As a result, a difference of two 
or three degrees between the temperatures of any of the “radi- 
ators” had very little if any significance. 

Question 15: Referring to Fig. 4, why may “radiators” con- 
nected according to A, D, G, and J, be expected to give some- 
what better circulation than “radiators” connected by the other 
methods illustrated ? 

Answer: When a “radiator” is connected according to C, F, 
I, or L, there is a tendency for eddies to be set up within the 
“radiator” so that the water goes up through some of the tubes 
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and down through others. As a result, the incoming hot water 
is mixed with partly cooled water and a lower average “radiator” 
temperature results. This effect is most pronounced in the 
“radiators” close to the “boiler” where the temperature differ- 
ences are large. When a “radiator” is connected according to 
B, E, H, or K, the velocity head of the entering water is fre- 
quently sufficient to carry the water entirely across the top of 
the “radiator” and part way down the return end before its 
energy is exhausted. As a result, the bottom corner of the 
“radiator” on the supply end is slow to heat. This condition is 
most noticeable in the fourth section and upper floor radiators 
where the circulation is rapid. In the connections shown at A, 
D, G, and J, the velocity head of the entering water is mostly 
used to overcome the greater friction encountered by the water 
that takes the longest possible path through the “radiator” so 
that the “radiator” temperature is likely to be more uniform than 
in either of the other cases. Also, when the high supply con- 
nection is used there is likely to be a smaller difference in tem- 
perature between the hottest “radiator” and the coolest because 
the heads generated in the “radiator” circuits are larger which 
tends to overcome the unavoidable differences in pressure that 
exist between the mains in different parts of the same section. 


Question 16: Why should the measurement of the vertical dis- 
tance above the mid-point of the heater be made to the middle 
of the radiator when the high supply connection is used and to 
the height of the unions when the low supply connection is 
used? 

Answer: Because when the high supply connection is used the 
water in the “radiator” being cooler (on the average) and 
therefore heavier than the water in the top of the supply “radi- 
ator” branch creates a pressure head which should be taken into 
account when the size of the orifice is selected. When the low 
supply connection is used, the water in the “radiator” presses 
equally on both the supply and return “radiator” branches and 
consequently the water in the “radiator” cannot add anything to 
the available pressure head no matter how tall the “radiator” 
may be. 

Question 17: Did the experimental plant give more air-bind- 
ing trouble when a high pressure was used? 

Answer: Yes. There was no trouble at all when the expan- 
sion tank was open but when it was closed “radiator” No. 34 
became air-bound. A close examination of this radiator revealed 
a small previously unnoticed leak. Apparently when the system 
was cold and under a subatmospheric pressure, this leak had 
admitted the air which blocked the circulation to this “radiator”’ 
the next time the system was put in operation. It should be 
stated, however, that the experimental plant was never operated 
continuously for more than a few hours at a time and for that 
reason, no very reliable conclusions as to air-binding can be 
drawn at present. 

Question 18: In step 5 under General Procedure in Designing 
a System is it necessary to reduce elbows to equivalent feet of 
pipe before proceeding to divide the mains into sections? 

Answer: No, it is not necessary to take account of elbows in 
sectioning the mains, but if a branch occurs close to the dividing 
line between two sections the locations of the elbows in the 
mains may help the designer to decide in which section that 
particular branch had better be placed. 

Question 19: In the case of “radiator” No. 16 in Fig. 11, the 
supply “radiator” branch is larger than the supply main which 
feeds it. Could the size of this branch be safely reduced to the 
size of the main? 

Answer: Yes. If the orifice size is increased to 7%-in., the 
circulation will probably be just as good as if the tables had 
been followed exactly. The %-in. orifice with the 1%4-in. supply 
branch and the 1%-in. return branch will give almost exactly 
the same friction as a 13/16-in. orifice with both branches 114-in. 


Question 20: If the size of the “boiler” uptake or “boiler” 


return called for by the tables is larger than the corresponding 
“boiler” opening, what should be done? 


Conditioning July, 1931 


Journal ZY Section 


Answer: This is not likely to happen, but if it should, the 
small “boiler” connections can be compensated for by using 
larger mains than called for by the tables. There are so many 
fittings in the “boiler” connections that the mains will need to 
be enlarged for a considerable distance in order to fully com- 
pensate for an uptake or “boiler” return that is too small. 

Question 21: Should the expansion pipe and the circulating 
pipe always be %-in. and the overflow always 1-in., as shown in 
Fig. 9A and Fig. 9B? 

Answer: Yes. According to Table 2, a pair of %-in. risers 
can take care of 36.9 equivalent square feet. Since there are 
usually fewer elbows in the connections to an expansion tank 
than in the connections to a “radiator” and also since it is 
always desirable that the expansion tank dissipate as little heat 
as possible, these sizes should be ample. 

Question 22: Is it necessary to put a check valve in the veut 
pipe when the expansion tank connections are made exactly 
according to Fig. 9A or Fig. 9B? 

Answer: If either Fig. 9A or Fig. 9B is followed exactly, 
experience with the experimental plant indicates that a check 
valve will be unnecessary. When the cold water feed was wide 
open and the system full of water the reducing tee at the top of 
the overflow acted like an aspirator and air was drawn down 
through the vent pipe. Upon another occasion when the average 
temperature of the system was about 220 F, the valve between 
the expansion tank and the vent pipe was opened wide, but noth- 
ing came out of the vent except an almost imperceptible amount 
of flash steam. 

In case it should be necessary to run the upper portion of the 
overflow horizontally for a considerable distance, a check valve 
might be required. 

Question 23: In case the expansion tank is connected to risers 
and requires an orifice, how should the size of the orifice be 
determined ? 

Answer: There is considerable latitude in determining the 
size of an expansion tank orifice and it need not be done ac- 
curately. A simple and satisfactory method is to select the orifice 
that will take care of a “radiator” the equivalent feet of which 
are equal to the actual external area of the tank. 


Conclusions 


The experimental results reported in this paper appear 
to be very satisfactory and there is sufficient reason to 
believe that every radiator on an open system designed 
according to the tables given can be counted on to deliver 
150 Btu per hour per equivalent square foot without 
approaching the boiling point. Also, it seems safe to 
assume that closed systems designed with only 10 per 
cent more heating surface than is required for steam 
will function satisfactorily provided the safety valve is 
set to blow off when the pressure at the top of the high- 
est radiator is 15 or 20 lb per square inch, gage. 

It is not known whether these pipe sizes are the most 
economical that can be incorporated in practical tables, 
but it is believed that they are fairly close to that ideal. 
In considering the economy of pipe sizes it should be 
remembered that one of the prime requisites of an eco- 
nomical installation is that there shall be no expensive 
changes or adjustments to make after the system is once 
installed. 

In conclusion, acknowledgment is made to H. M. 
Hart and R. W. Shields for their help in putting this 
paper into the form that would be most useful to the 
industry, and also to Professors Crawford and Brewer 
of the Mechanical Engineering Department of Agricul- 
tural and Mechanical College of Texas for their kind- 
ness in donating the use of their laboratory and tools. 
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to make a comparison of the performance of sev- 

eral types of direct cast-iron radiators using steam 
as the heating medium, when the temperature of the air 
in the test room was maintained at approximately 70 F 
at the breathing level, with the performance of the same 
types of radiators when the temperature was maintained 
at 68 F at a level 30 in. from the floor. It was sug- 
gested that such a comparison might justify recommenda- 
tions for the adoption of a standard for testing such 
radiators. 


, \HE object of this part of the investigation was 


Description of Apparatus 


All tests were conducted in the low temperature test- 
ing plant which has been completely described in previous 
publications.* In brief, this plant, as shown in Figs. 1 
and 2, consists of two rooms erected within a larger room 
having 6-in. cork walls, floor and ceiling. The latter 
room is equipped with direct expansion refrigerating 
coils, and each of the two test rooms presents two walls 
of standard frame construction exposed to any desired 
temperature maintained in the cold room. One wall of 
each test room contains a pair of double hung windows 
and the other wall a standard door with a glass panel. 
In addition, arrangements are made so that the floors 
and ceilings of the test rooms may be exposed to any 
desired temperatures. Air movement over the walls is 
obtained by means of fans. 

The plant is thoroughly equipped with thermocouples 
and temperature recorders in order to permit all observa- 
tions being made without the necessity for entering the 
rooms and thus disturbing conditions at any time during 
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the period of a test. The radiators are connected with a 
single pipe for steam and return condensation, and the 
condensation is weighed as shown in Fig. 2. A steam 
separator is installed in the line to each radiator, and an 
electrical superheater further insures the use of dry 
steam. Provision is also made for venting the radiators 
to prevent the accumulation of air. 

The temperatures at the various levels within the test 
rooms are observed by means of thermocouples made 
from No. 22 B and S gage copper and constantan 
wire and supported on a standard in the center of the 
room as shown in Fig. 2. A study of temperature con 
ditions within the test rooms proved that the center 
reading at a given level is representative of the average 
temperature at that level. 

The cast-iron radiators used for the present series of 
tests consisted of (1) a 6-section, 26-in., 5-tube radiator, 
as shown in Fig. 3; (2) a 10-section, 26-in., 3-tube 
radiator, as shown in Fig. 4; (3) a 13-section, 17-in., 
single tube panel radiator of the type shown in Fig. 
5; and (4) a 3-section wall type of radiator as shown 
in Fig. 6, each section having a nominal rating of 7 sq 
ft.. More complete dimensions and details for setting 
are given in the inset in Fig. 8. When the temperature 
at the 30-in. level was maintained at 68 F as compared 
with 70 F maintained at the 5 ft level, it was necessary 
to increase radiator (1) to 9 sections, radiator (2) to 12 
sections, and radiator (3) to 16 sections, but no increase 
in radiator (4) was found necessary. 


Test Procedure 


In all cases the temperature in the cold room was 
maintained at about -2.5 F and one of the exposed walls 
of the test room was subjected to an equivalent wind 
velocity of approximately 10 mph. The temperature of 
the air above the ceiling of the test room was maintained 
at 62 F and the temperature of the air 3 in. below the 
floor about 2 deg higher than that 3 in. above the floor. 
No test observations were made until conditions had 
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remained constant for several hours, as indicated by the 
readings of the thermocouples on the inside wall sur- 
This required about 20 hours after a change in 
When the required thermal con- 
stancy had been attained, the condensate was weighed 
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over a period of one hour, and no test was accepted if 
the condensate showed more than 2% per cent deviation 
in the successive 10-minute increments of weight. At 
the end of each test a separate test was run to deter- 
mine the condensation in the piping alone, and the total 
condensate was corrected by subtracting the amount so 
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Fic. 4—10-Section, 26-INn., 3-TuBE 


RADIATOR 


The maximum deviation in condensation was only 3.5 
per cent. 

Wide deviations in the degree of comfort produced in 
the room by the different radiators were apparent. With 
the exception of the wall type radiator, when the radia- 
tors were operated to maintain 69 F at the breathing 
level, the room was decidedly too cool for comfort. Some 
discomfort undoubtedly resulted from the fact that the 
inside surface temperature of the exposed walls was 
approximately 55 F, but in the case of the panel and the 
two tubular radiators, by far the greatest amount 
of discomfort was caused by the low temperatures 
in the zones below the breathing level, particularly 
in the zone from the 30-in. level down to the floor. 

The differences between the steam condensations 
were not great enough to justify an attempt to 
evaluate the practical heating effect of the different 
radiators in terms of the steam condensation alone. 

The greatest temperature difference from floor to 
ceiling and the lowest temperatures between the 
floor and the 30-in. level were obtained with the 
5-tube radiator. In this case the temperature at the 
floor was only 53.8 F and at the 30-in. level was 
only 59.9 F. The room was most uncomfortable 
when this radiator was used. The temperature 
at the breathing level obtained with this radiator 
was approximately one degree lower than the 69 F 
obtained with the other radiators. A slight increase 
in the size, sufficient to bring the 
breathing level temperature to 
69 F would have increased the 
condensation slightly and_ in- 
creased the temperatures at all 
levels in the room by approxi- 
mately one degree, but would not 
have appreciably increased the 
comfort. Thus, while the posi- 
tions of the curves representing 
the temperatures at the levels be- 
low the breathing level afford a 
ineans of ranking the different 
radiators in the order of comfort 
produced, or heating effect, they 
constitute an intangible and 
rather unsatisfactory measure in- 
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asmuch as the statement of the results is entirely qualita- 
tive and not quantitative. 

The 3-section wall type of radiator was the only one 
that produced a satisfactory degree of comfort in the 
room with the breathing level at 69 F. The reason for 
this, as previously mentioned, was that the temperature 
in all zones below the breathing level were higher than 
those for the other radiators. It was particularly noted 
(see Fig. 7) that the temperature at the 30-in. level was 
approximately 68 F. This indicated a possibility that 
if the sizes of the other types of radiators used were 
increased by amounts necessary to raise the temperature 
at the 30-in. level to 68 F in every case, that each 
radiator would maintain practically the same degree oi 
comfort in the room, and a tangible measure of the 
heating effect might be obtained from the increase in 
condensation resulting from the increase in size necessary 
to obtain the 68 F at the 30-in. level. 

The results of the tests with the air at the 30-in. level 
maintained at approximately 68 F are shown in Fig, 8. 
In all cases the room was comfortable and it is at once 
evident that the magnitudes of the steam condensations 
arrange themselves in the same order that radiators 
would be ranked from an inspection of the room tempera- 
ture gradient curves. The total spread between steam 
condensations was increased to 21.5 per cent as compared 
with the 3.5 per cent obtained with the air at the breath 
ing level maintained at 69 F. The 5-tube radiator, with 
the greatest temperature difference between the floor and 
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Fic. 7—Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES FoR Four Types or C. I. 


RADIATORS WITH A COMMON 


the ceiling, also gave the greatest steam condensation, 
while the 3-section wall type, with the least temperature 
difference, gave the least condensation. For the other 
radiators, the condensation was also in the order of the 
temperature difference. From Table 1 it is also evident 
that a consistent reduction in condensation occurred with 
a reduction in difference in temperature between the 
floor and ceiling. 


60-1n. Lever TEMPERATURE 

The temperature at the 30-in. level obtained with the 
wall type radiator was approximately one degree Fahren- 
heit lower than that for the other radiators. A slight 
increase in the size of the radiator, sufficient to raise 
the temperature at the 30-in. level one degree Fahren- 
heit would have increased the temperature at all levels 
by the same amount, thus giving a new curve parallel to 
the old one and one degree higher. Hence, the tempera- 
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TABLE 1—CoMPARISON OF STEAM CONDENSATIONS AND TEMPERA- 
TURE DIFFERENCES BETWEEN FLOoR AND CEILING FOR A CONSTANT 
Arr TEMPERATURE OF 68 F aT THE_30-1N, LEVEL 











Ratio or Eacn Vatve tx Cotumns 
TEMPERATURE Sream (2) anp (3) To Precepine VALVE 
TYPE oF DIFFERENCE rr — 
RADIATOR Cxr1..-FLoor (Ls Per Hr) TEMPERATURE Sream Con- 
(F) DIFFERENCE DE NSATION 
(1) (2) (3) (4) (5) 
5-tube........ 21.6 et aay et a ae 
3-tube....... 17.5 6.48 0.810 0.970 
1-tube panel. . 13.8 6.12 0.788 0.943 
3-section wall . 10.8 5.50 0.782 0.900 

















ture difference between the floor and ceiling would re- 
main the same and the ratio of temperature differences 
shown in the last figure of column 4 in Table 1 would 
not change. The steam condensation, however, would 
increase slightly over the 5.50 shown in column 3, thus 
increasing the ratio of condensations shown as the last 
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figure in column 5 anti making it more nearly in con- 
formity with the next to the last figure, or 0.943, There- 
fore, if exact agreement had been obtained in the tem- 
perature at the 30-in. level for all of the radiators even 
greater quantitative consistency than that actually shown 
in Table 1 would have resulted. 


Conclusions 


From the results of these tests, the following con- 
clusions may be drawn: 

1 It is apparent that maintaining a temperature of 
68 F at the 30-in. level is a more acceptable standard for 
stating conditions under which direct radiators shall be 
tested in the type of plant used than maintaining a tem- 
perature of 70 F at the breathing level. 

2 With 68 F at the 30-in. level, the steam condensa- 
tion obtained in the test plant used seems to be a measure 
of the effectiveness of the direct radiators tested, in 
providing for human comfort, or, more briefly, condensa- 
tion becomes an inverse index of heating effect. 





Classification of Coals 


Up to the present time no one has laid down any 
definite system for classifying coal on the basis of rela- 
tive percentages of anthraxylon and attritus as deter- 
mined by actual measurement with the aid of the micro- 
scope. Such a system of classification is desirable in 
carbonization research because of the difference in cok- 
ing properties of anthraxylon and attritus. It has been 
decided by the U. S. Bureau of Mines, therefore, to 
make arbitrary divisions of classification as follows: 

Coals having a ratio of anthraxylon to attritus of 
more than 3:1 are called anthraxylous; those with a 
ratio between 3:1 and 1:1 are called anthraxylous- 
attrital; those with a ratio between 1:1 to 1:3 are called 
attrital-anthraxylous and coals in which the ratio of 
anthraxylon and attritus is less than 1:3 are called 
attrital. In other words, an anthraxylous coal consists 
of more than 75 per cent anthraxylon, and an attrital 
coal is more than 75 per cent attritus. It is believed that 
this system of classification will be of some use in the 
comprehensive research which the Bureau of Mines is 
now conducting on the carbonizing properties of Ameri- 
can coals in cooperation with the American Gas Asso- 
ciation. 


Engineering Societies Monographs 


The Engineering Societies Library has completed ar- 
rangements for the publication of a series of technical 
treatises to be known as Engineering Societies Mono- 
graphs. The editorial supervision of this series will be 
in the hands of a committee consisting of H. W. Craver, 
Director of Engineering Societies Library, Chairman, 
and two representatives appointed by each of the fol- 
lowing Engineering Societies: American Society of Civil 
/'ngineers, American Institute of Mining and Metal- 
lurgical Engineers, American Society of Mechanical En- 
gineers and American Institute of Electrical Engineers. 

For many years those who have been interested in the 
publication of papers, articles and books devoted to 
engineering topics have been impressed with the number 


of important technical manuscripts which have proved 
too extensive, on the one hand, for publication in the 
periodicals or proceedings of engineering societies, or 
in other journals, and of too specialized a character, on 
the other hand, to justify ordinary commercial publica- 
tion in book form. 

No adequate funds or othet means of publication have 
been provided in the engineering field for making these 
works available to the profession. In other branches 
of science, certain outlets for comparable treatises have 
been available, and besides, the presses of several uni- 
versities have been able to care for a considerable num- 
ber of scholarly publications in the various branches of 
pure and applied science. 

Experience has, however, demonstrated the value of 
proper introduction and sponsorship for such books. 
Without assuming responsibility for the authors’ state- 
ments, the engineering societies, through suitable repre- 
sentatives, who have examined a manuscript, will fur- 
nish this introduction. In so doing, they perform a 
service to their members and, incidentally, to other per- 
sons seeking credible information. 

The Engineering Societies Library will share in any 
profits made from publishing the Monographs; but the 
main interest of the Societies is service to their members 
and the public. With this aid the publisher is willing 
to adventure the production and distribution of selected 
books that would otherwise be commercially imprac- 
ticable. He has prospects of losses on some and modest 
profits on others. 

Engineering Societies Monographs will not be a 
series in the common use of that term. Physically they 
will have similarity, but there will be no regular interval 
in publication nor uniformity in price, nor relation in 
subjects. What books are printed and when, will by the 
nature of the enterprise depend upon what manuscripts 
are offered, estimation of their usefulness, cost of pro- 
duction in book form, and possibilities of distribution. 
The aim is to make promptly accessible to many users 
information which otherwise would be long delayed in 
reaching more than a few, in the wide domains of engi- 
neering. 












T IS evident that the Second International Heating and Ven- 
| tilating Exposition, to be held in Cleveland, January 25, 29, 
1932, at the same time as the Annual Meetings of the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS and the Amer- 
ican Society of Refrigerating Engineers, is well on its way to 
duplicate and even surpass the success of the first show at Phila- 
delphia in 1930. 

So many developments in heating, ventilating, and air condi- 
tioning practice and equipment have been reported since the 
previous exposition that the displays at the Cleveland Show are 
being awaited with keen anticipation, since many of them un- 
doubtedly will be in the nature of premier presentations of the 
latest apparatus and devices. 

A new Advisory Committee for the Exposition has been an- 
nounced by the Society, consisting of : 


Walter Klie, Chairman 
H. P. Gant, Vice-Chairman 
D. S. Boyden J. F. McIntire 
A. C. Edgar J. C. Miles 
C. Gottwald H. C. Murphy 
C. V. Haynes M. F. Rather 
C. H. B. Hotchkiss E. A. Scott 
W. C. Kammerer W. E. Stark 
F, P. Keeney F. R. Still 
F, A. Kitchen T. A. Weager 
A. W. Williams 


The exposition will be managed by Charles F. Roth of the 
International Exposition Co, 

The forthcoming show will have a central location in the 
Cleveland Public Auditorium Annex right in the heart of the 
Cleveland business district and within a few blocks of the lead- 
ing hotels. An outstanding feature of the exhibits, particularly 
those having coal, gas and oil-burning equipment, will be the 
actual operation of the various devices. It will be recalled that 
this feature distinguished the previous exposition in Philadelphia 
and aroused wide comment. 

An idea of the comprehensiveness of the Second International 
Heating and Ventilating Exposition is to be seen in the fact that 
it will embrace separate sections, one for the heating and ven- 
tilating industry in general, an oil burner section, a gas section, 
and a warm air furnace section. 

In addition to the endorsement of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS, the Exposition will have 
the active support of the American Oil Burner Association and 
the American Society of Refrigerating Engineers. All three of 
these organizations will have booths at the Show, making the 
Exposition in fact representative of every branch of heating and 
ventilating. 

The fact that the American Society of Refrigerating Engineers 
will hold its annual meeting in Cleveland simultaneously with 
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Second International Heating and Ven- 
tilating Exposition at Cleveland 


that of the AMERICAN Society oF HEATING AND VENTILATING 
ENGINEERS has made it possible to arrange for a joint session of 


both societies. 


Among the organizations and companies which have already 
contracted for nearly one half of the available space at the Second 
International Heating and Ventilating Exposition are: 


Aerofin Corp. 

Aerologist, The 

Air Reduction Sales Co. 

American Air Filter Co. 

American Gas Association 

American Oil Burner Assn. 

American Society of Heating and 
Ventilating Engineers 

American Society of Refrigerating 
Engineers 

American 
Co, 

Ames Iron Works 

Ames Pump Co., Inc. 

Armstrong Machine Works 

Armstrong Cork Co. 

A. G. A. Testing Laboratory 


Temperature Indicating 


B-Line Boiler Co. 
Barber-Colman Co. 

Barber Gas Burner Co. 
Barnes & Jones 

Bishop & Babcock Sales Co. 
Brownell Co., The 

Bryant Heater & Mfg. Co. 
Buckeye Blower Co. 


Carrier Corp. 

Carrier Engineering Corp. 

Carrier-Lyle Corp. 

Century Electric Co. 

Century Engineering Corp. 

Chicago Pump Co. 

Cleveland Gas Burner & Appliance 
Co. 

Cleveland Steel Products Corp. 

Cook Electric Co. 

Coppus Engineering Corp. 

Crane Co. 

Crystal Oil Burner Corp. 

Davison Gas Burner & Welding Co., 


Domestic Engineering 
Dunham Co., C. A. 
Struthers Dunn, Inc. 


Economy Pumping Machinery Co, 
Emerson Electric Mfg. Co. 
Engineering Publications, Inc. 
Estate Stove Co., The 


Fox Furnace Co. 
Fuel Oil Journal 


Gas-Aire, Inc. 

General Electric Co. 
General Gas & Light Co. 
Grinnell Co., Inc. 


Hart Oil Burner Corp. 

Heating Journals, Inc. 

Heating, Piping & Air Conditioning 
Heating & Ventilating 

Henry Furnace & Foundry Co., The 
Hill Co., E. Vernon 

Hoffman Specialty Co., Inc. 











Illinois Engineering Co. 
Iron Fireman Mfg. Co. 
Independent Air Filter Co. 


Johnson & Co., S. T. 
Johnson Service Co. 
Johns-Manville Corp. 


Kieley & Mueller, Inc. 


Leeds & Northrup Co. 
Linde Air Products Co. 


McDonnell & Miller 

Marsh & Co., Jas. P. 

May Oil Burner Corp. 

Mercoid Corp. 
Minneapolis-Honeywell Regulator (uo 
Motor Stoker Corp. 

Mouat Vapor Heating Co. 
Mueller Furnace Co., L. J. 
Multicell Radiator Corp. 











Nash Engineering Co. 
National Radiator Corp. 





Oil Heat 
Oxweld Acetylene Corp. 
Oil Heating Institute 








Parker Appliance Co. 

Peerless Unit Ventilation Co. 
Penn Electric Switch Co. 
Pennsylvania Furnace & Iron Co 
Pierce Butler & Pierce Mfg. Co. 
Piqua Electric Mfg. Co. 

Powers Regulator Co. 

Propellair, Inc. 


Raymond Co., F. I. 
Robertson Co., H. H. 
Rochester Circulator Sales Co. 


Sarco Co., Inc. 

Silent Automatic Corp. 
Silent Glow Oil Burner Corp 
Spencer Heater Co. 
Stay-Rite Co., Inc. 

Sun Radiator Cover Co., 
Superior Steel Corp. 
Surface Combustion Co, 
Swartwout Co., The 


Inc. 


Taco Heaters, Inc. 
Time-O-Stat Controls Co. 


Union Carbide Co. 
United States Radiator Corp. 


Warren Webster & Co. 
Warm Air Furnace Fan Co. 
Weil-McLain Co. 
Whittington, Inc., W. P. 


York Heating & Ventilating Corp 
Young Radiator Co. 
Youngstown Sheet & Tube Co. 












Program 





Semi-Annual Meeting 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


9 :30 a.m. 
12:30 p.m. 
2:00 p.m. 
3:00 p.m. 


8 :30 a.m. 


9:30 a.m. 


7:00 p.m. 
7:00 p.m. 


8:00 a.m. 


9 330 a.m. 








New Ocean House, Swampscott, Mass., June 22-25, 1931 


TECHNICAL 
(Daylight Saving Time) 
Monday, June 22, 1931 
Registration. 
Luncheon (Officers, Council and Authors). 


Council Meeting. 


Meeting Committee on Research. 


Tuesday, June 23, 1931 


Registration. 
Technical Session. 


Greeting by D. S. Boyden, Chairman, Committee on 


Arrangements. 
Response by President W. H. Carrier. 


Flow of Steam through Orifices into Radiators, by 
S. S. Sanford and C. B. Sprenger. 


Friction Heads in One-Inch Standard Cast-Iron 
Tees, by F. E. Giesecke and W. H. Badgett. 


Sizing Pipes and Orifices for Gravity Hot Water 
Heating Systems, by E. G. Smith. 


Using Gas-Vapor Mixtures for Heating Purposes, 
by C. A. Dunham. 


Report of Committee on Increase of Membership, 
C. W. Farrar, Chairman. 


Report of Committee on Testing and Rating Unit 
Ventilators, John Howatt, Chairman. 


Conference of Chapter Representatives. 


Meeting of Committee on Ventilation Standards. 


Wednesday, June 24, 1931 


Meeting of Nominating Committee. 
Technical Session. 
Essential Elements for Determining Heating Plant 


Requirements, by F. B. Rowley. 


Report of Committee on Rating and Testing Con- 
cealed Gravity Type Radiation, R. N. Trane, 
Chairman, 

Steam Condensation an Inverse Index of Heating 
Effect, by A. P. Kratz and M. K. Fahnestock. 
Experiments to Determine Heating Effect Factor, 

by R. N. Trane and C. J. Scanlan. 


Study of Performance Characteristics of Oil Burn- 
ers and Low Pressure Heating Boilers, by L. E. 
Seeley and E. J. Tavanlar. 
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9:30 a.m. 


12:30 p.m. 
p. 


8 :30 


10:00 ¢ 


1:30 


2:00 
8 :00 


9:00 


2:00 
7:00 


9:09 
2:00 


m. 


a.m. 


Thursday, June 25, 1931 


Technical Session. 

Report of Committee on Ventilation Standards, by 
W. H. Driscoll, Chairman. 

Report of Committee on Research, C. V. 
Chairman, 


Haynes, 


Reports of Technical Advisory Committees, 

Heat and Moisture Losses from Men at Work and 
Application to Air Conditioning Problems, by F. 
C. Houghten, W. W. Teague, W. E. Miller and 
W. P. Yant. 

Infiltration through Double Hung Wood Windows, 
by G. L. Larson, D. W. Nelson and R. W. Ku- 
basta. 

Measurement of the Flow of Air through Registers 
and Grilles, by L. E. Davies. 

Predetermining the Airation of Industrial Buildings, 
by W. C. Randall and E. W. Conover. 

Unfinished Business. 

New Business. 


Adjournment. 


ENTERTAINMENT 


Monday, June 22, 1931 


Luncheon (Officers, Council and Authors). 


Informal Reception and Dance. 


Tuesday, June 23, 1931 


Clock Golf. 

Coach and Boat Trip to Marblehead and Gloucester, 
including the famous North Shore Drive. 

Golf—Kickers’ Handicap. 


Bridge Party for Ladies. 


Wednesday, June 24, 1931 


Motor Trip to Historical Boston and Boston Navy 


Yard to inspect the frigate Constitution or Old 
lronsides. 
Golf—Research Cup Tournament. 
Banquet and Dance at New Ocean House (in- 
formal ). 
Thursday, June 25, 1931 
Special Golf Tournament—Ladics. 


Trip to historic Lexington, Concord and Salem. 








Local Chapter Reports 





Cleveland 


June 5, 1931. The June meeting of the Chapter was held in 
the rooms of the Cleveland Engineering Society, and was called 
to order by Pres. H. F. Morris. 

The report of the Auditing Committee was accepted by unani- 
mous vote and three new members, Marion I, Levy, J. E. May- 
nard, and J. J. La Salvia were elected to membership in the 
Cleveland Chapter. 

The question of sending representatives to the summer meet- 
ing at Swampscott, and the method of paying expenses of the 
members representing the Society involved considerable discus- 
sion, and a resolution by C. F. Eveleth to have money appro- 
priated to pay the expenses of one man was amended by T. A. 
Weager to have the President appoint one representative who 
would have $25.00 paid toward expenses. 

The officers for the year 1931-32 were elected as follows: 

President—W. E. Stark. 

Vice-President—C. J. Deex. 

Secretary—R. G. Davis. 

Treasurer—H. M. Nobis. 

Board of Governors—F. H. Morris, C. Gottwald and S. H: 
Givelber. 

The speaker of the evening was W. E. Stark, research engi- 
neer, Bryant Heater Co., Cleveland, who talked on the subject, 
What Is Doing in Gas Today. 

In discussing the subject, Mr. Stark first presented statistical 
data showing the striking growth of the gas industry, both manu- 
factured and natural; and particularly the rapid increase in the 
number of consumers availing themselves of manufactured gas as 
a house-heating fuel. In picturing the growth of the natural 
gas industry, he related a number of facts and incidents in the 
early history of natural gas production, followed by a portrayal 
of the steadily growing net work of pipe-lines reaching out from 
the fields of the southwest as far north as Chicago. 

A phase of the natural gas business that was touched upon 
was the liquefied petroleum industry, which renders available and 
utilizes the valuable by-products of the natural gasoline industry, 
propane and butane, as the basic ingredient of a gaseous fuel 
suitable for general distribution. An example is the distribu- 
tion of butane-air mixtures. 

The use of gas in refrigeration and in summer air condition- 
ing for residences was considered and illustrations of modern 
domestic gas consuming heating appliances were shown. 


Michigan 


May 13, 1931. The annual outing and election of officers of 
the Chapter took place at the Hawthorne Golf Club, where 90 
members and guests spent a delightful afternoon and evening. 

The golf tournament in charge of R. K. Milward and W. G. 
Boales was unusually successful. Among the members, H. E. 
Paetz, who scored 90, had the low score, Tom Brown was a close 
second with 91, and W. C. Salisbury was third with 95. Eddie 
Anderson received a score of 85, which was the low score for 
the guests. 

The Chapter was particularly fortunate in having as its guest, 
Dean F. Paul Anderson, Lexington, Ky., past-president of the 
Society, who paid a very high tribute to the work which the 
Society, as a whole, is doing and predicted that the future held 
wonderful things in store for the members of the heating and 
ventilating and air conditioning profession. 

The principal business of the evening was the election of offi- 
cers. Those elected to serve during the year 1931-32 are as 
follows: 


President—G. H. Giguere. 

Vice-President—W. J. Whelan. 

Treasurer—E,. H. Clark. 

Secretary—G. D. Winans. 

Board of Governors, N. B. Hubbard, L. L. McConachie and 
H. E. Paetz. 

Following the election of officers, G. H. Giguere addressed 
the Chapter, thanking the members for the honor they had be- 
stowed upon him and asking for their support during the coming 
year. 


Minnesota 


May 19, 1931. The regular monthly meeting of the Chapter 
was held at the Minneapolis Country Club where the members 
and guests enjoyed the afternoon and evening together. The 
afternoon was devoted to golf, which was followed by the annual 
dinner. 

The following officers were elected to serve the Chapter for the 
coming year: 

President—H. E. Gerrish. 

Vice-President—W. F. Uhl. 

Secretary-Treasurer—A. B. Algren. 

Board of Governors—D. M. Forfar and M. E. Bjerken. 


Western New York 


May 18, 1931. The May meeting of the Chapter, held at 
Hotel Buffalo, was as usual observed as Kentucky Night. Dean 
Anderson and several professors accompanied by 60 senior stu- 
dents of University of Kentucky were the guests of the Chapter. 

President Davis very ably acted as toastmaster and introduced 
Mr. Rathman, Commissioner of Public Works, who acted as 
personal representative of Mayor Roesh who was unable to be 
present. Mr. Rathman expressed the regrets of the mayor and 
personally extended the official welcome of the City of Buffalo 
to Dean Anderson and his party. 

President Davis then introduced Sam Botsford, vice-president 
of the Buffalo Chamber of Commerce, who gave some interest- 
ing opinions regarding the relation of the engineer to the busi- 
ness depression. 

The toastmaster then introduced Dean Anderson, who spoke 
briefly, expressing his gratitude to the Chapter for again having 
his seniors as their guests. The Dean replied to Mr. Botsford’s 
statement, that the unemployment situation was due in a large 
measure to engineers, who have developed mechanical labor sav- 
ing devices to their present high efficiency, saying, that the in- 
dustry asked for efficient mechanical devices and the engineers 
fulfilled the request so completely that the business man is un- 
able to keep pace with engineering progress. 

Colonel Morrow, a fellow Kentuckian, gave an interesting talk 
on the friendship between Kentuckians and the Niagara Frontier, 
dating back to Civil War Days. Colonel Morrow is a very force- 
ful speaker and his address resulted in a hearty response from 
the audience. 

C. W. Farrar, chairman of the Membership Committee, and 
Roswell Farnham, member of the Council, were introduced, each 
of whom responded briefly. 

L. A. Harding, past president of the Society, was presented 
as the speaker of the evening. His subject was the Utilization 
of the Sun’s Energy. He explained some of the developments 
which have been going forward for many years to harness the 
sun’s energy. Due to the lateness of the hour it was impossible 
for Mr. Harding to present his paper in full, which the majority 
of the members and guests regretted. 

The attendance at this meeting was unusual, there being 148 
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members and guests present, which was the largest in the history 
of the Chapter. 


Philadelphia 


May 14, 1931. The regular meeting of the Chapter was held 
in the form of the annual outing, and took place at the Tavistock 
Country Club, Haddonfield, N. J. 


The weather was far from being favorable, but approximately 
25 members braved the weather to participate in the golf tour- 
nament. J. H. Hucker, J. Walsh, George Lewis and William 
Ricard were among those who finished with low scores. 

A dinner was served at the Club, after which the Chapter ad- 
journed to the plant of Warren Webster & Co., where an in- 
spection was made. At the conclusion of the inspection the 
members and guests assembled in the Exhibition Room where 
H. F. Marshall, Warren Webster Co., presented an illustrated 
talk on Steam Consumption of Heating Systems. Mr. Marshall’s 
talk was thoroughly enjoyed by all present. 


Pittsburgh 


May 11, 1931. Thirty-two members and guests attended the 
May meeting of the Chapter, which was held at the Fort Pitt 
Hotel. 

President Houghten, who presided over the meeting, called 
attention to the return of E. C. Evans, who left Pittsburgh a 
year ago to go to California, but who has returned to be with 
the Pittsburgh Chapter. 

Following several announcements regarding the Semi-Annual 
Meeting of the Society, Swampscott, Mass., F. A. Gunther, 
chairman of the Program Committee, suggested that although the 
next regular meeting of the Chapter would be held in September, 
it was planned that a meeting be held during the summer for 
the members, their wives and guests, with either golf or a din- 
ner-dance for entertainment. 

Mr. Gunther then introduced Prof. S. E. Dibble, Carnegie In- 
stitute of Technology, and past-president of the Society, who 
addressed the meeting on the subject of Concealed Radiation— 
Types, Construction and Capacities. Professor Dibble stated 
that in the design of concealed radiation one must strive to get 
the proper relation between the steam or primary surface and the 
extended surface, and that an important point in the design is 
the impingement of the air to obtain a lower surface resistance 
so as to increase the output of the radiator. Professor Dibble 
also stated that fusion or metallic contacts between the prime 
surface and the extended surface had proved by test to be much 
better than frictional contacts, or contacts obtained with either 
solder or paint. 

After many interesting questions were raised and discussions 
given, a rising vote of thanks was tendered Professor Dibble by 
the members and guests in appreciation of his interesting talk. 


St. Louis 


May 15, 1931. Twenty-eight members and guests assembled 
at the Roosevelt Hotel for the May meeting of the Chapter. 

In the absence of President Rosebrough, James Foster called 
the meeting to order, and after reading the minutes of the previ- 
ous meeting, which were approved as read, L. Walter Moon, 
chairman of the Program Committee, suggested a trip to Port 
St. Louis, to inspect the Airplane Hangars and have dinner at 
Skyway Inn, which would be followed by bridge or dancing. 
This would be held instead of the usual Ladies night for the 
June meeting. A motion to this effect was made and carried. 

Several communications were read, among which was one from 
Secretary Hutchinson, requesting the President and Secretary 
f the Chapter to attend the Semi-Annual Meeting in Swamp- 
scott, June 22 to 25, at which time there would be a meeting of 
the Chapter Relations Committee. 
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Following the Report of the Membership Committee given by 
George Myers, the meeting was turned over to L. Walter Moon, 
who introduced W. Rodney Smith, chief engineer, Wm. B. 
Ittner, Inc., who read a paper dealing principally with the evo- 
lution of school heating and ventilating in the St. Louis schools, 
with which he was connected for 17 years. Mr. Smith described 
the original cannon ball stoves used over 30 years ago and the 
different types used since that time and ended with a description 
of present standards and stated, that the St. Louis schools today 
have the best school system in the world, due to the elimination 
of bonded indebtedness. In conclusion Mr. Smith answered 
numerous questions presented by the members and guests, which 
brought about an interesting discussion. 

It was moved by C. A. Helwig and seconded by Mr. Carlson, 
to request Mr. Smith to prepare this paper for the Annual 
Meeting of the Society in January, and present it to the Council 
and Secretary for their consideration. The motion was carried, 
and a vote of thanks was extended to Mr. Smith for his able 
handling of this subject. 


Death of Wallace M. Cosgrove 


It is with profound sorrow that the Society learns of the death 
of Wallace M. Cosgrove, vice-president of the American Radi- 
ator Co., who passed away June 11, 1931, at the Orange Memo- 
rial Hospital, where he underwent a serious operation. 

Mr. Cosgrove was born in Haverstraw, N. Y., in 1873, and 
received his early education in the public schools of Jersey City. 
He spent his entire life in the heating industry and from 1888 to 
1907 he was connected with A. A. Griffin Co. During the year 
1907 he became associated with the New York Branch of the 
American Radiator Co., of which he was manager for a good 
many years and one of the most widely known men in the trade. 

He had been a member of the AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS since 1922, and one whom the 
Society will always remember, for he was well liked among his 
fellow members. 

Besides being a member of this Society, Mr. Cosgrove belonged 
to the Bergen Lodge, F. and A. M., the New York Rotary Club, 
the Engineers’ Club of New York and the Cartaret Club of 
Jersey City. He was also a member of the board of governors 
of the Canoe Brook Country Club, a director of the Mount Tabor 
Field Club, and of the Plumbing and Heating Golf Association. 

The funeral services for Mr. Cosgrove were held on Sunday, 
June 14, 1931, at the South Orange Methodist Episcopal Church. 
The pastor, Rev. George G. Vogel, assisted by the Rey. Dr. 
Harry Everett, of Jersey City, officiated at the services. 

Mr. Cosgrove is survived by his widow and two sons, John P. 
and Kenneth M. Cosgrove, to whom the Council and. Officers of 
the Society extend their sincere sympathy. 


E. P. Bailey to Manage Gas Division 


Commencing on June 1, Edward P. Bailey, Jr., started his 
duties as General Manager of the Gas Heating Division of Na- 
tional Radiator Corp., Johnstown, Pa., according to an announce- 
ment recently made by the company. 

Mr. Bailey brings a wide experience in the gas field to his 
new position through his association with Bryant Heater and 
Manufacturing Co. 


Langenberg Heads Engineering Company 


A new company has been organized by E. B. Langenberg in St. 
Louis, the E-B Engineering Co. with offices at 6625 Waterman 
Ave., St. Louis, and will supply designs and specifications to 
manufacturers, dealers and architects, particularly for warm air 
heating installations. 

The many friends of Mr. Langenberg will wish him the great- 
est success in his new venture. 





Of Interest to Members 


Thornton to Manage Westinghouse 
Association Activities 

Frank Thornton, Jr., manager of residence engineering for the 
Westinghouse Electric and Mfg. Co., Pittsburgh, Pa., has been 
appointed manager of association activities of that company. 

Mr. Thornton was graduated from the University of Mis- 
souri in 1908 with the degree of B. S. in electrical engineering. 
He entered the employ of the Westinghouse Electric and Mfg. 
Co., and, after completing the graduate student course, was as- 
signed to the engineering department, where he specialized in 
electric heating. When the electrical heating engineering depart- 
ment was organized, he was appointed manager of it. 

Mr. Thornton is a fellow of the American Institute of Elec- 
trical Engineers and a member of the AMERICAN SOcIETY OF 
HEATING AND VENTILATING ENGINEERS, the Edgewood Country 
Club, and the University Club, Pittsburgh. 


Fire Underwriters Issue New Building 


Code 


The fifth edition of the building code recommended by the 
National Board of Fire Underwriters, New York, has recently 
been issued. This ordinance provides for fire limits and regula- 
tions governing the construction, alteration, equipment, or re- 
moval of buildings or structures. 

Mechanical ventilation is covered in Section 505 of Article V, 
Light and Ventilation, as follows: 

(a) When mechanical ventilation is required, or is permitted 
as an alternative, the system shall be designed and constructed 
in accordance with generally accepted good practice, to provide 
the necessary changes o/ air, but not less than prescribed in this 
section, 

(b) Except as otherwise specifically prescribed by law or in 
duly promulgated rules, the recommendations of the AMERICAN 
Society OF HEATING VENTILATING ENGINEERS shall be 
deemed to be generally accepted good practice. 

The code also includes information on chimneys and flues and 


AND 


heat appliances and forced draft systems. 


New Edition of A O B A Handbook 


The American Oil Burner Association has recently issued a 
revised edition of its Handbook of Oil Burning by H. F. Tapp, 
the purpose of which is to present facts and authoritative infor- 
mation pertaining to oil burning. 

Considerable data derived from the A. S. H. V. E. Guipe have 
been included. The contents of this new edition of the Handbook 
of Oil Burning are as follows: 

Oil as a Fuel; Sources, Characteristics and Properties of Oil 
Properties of Solid, Gaseous and 
Other Fuels; Comparative Fuel Costs; Chemistry of Combustion 
Fundamentals of Heat and Heat Transfer; The 
Determination of Heating Capacity Requirements; Estimating 
Fuel Requirements for the Heating Season; Heating Systems; 
Boilers and Warm Air Furnaces; Drafts and Chimneys; Indus- 
trial Oil Burner Applications; Oil Burner Types and Principles 
of Construction; Oil Burner Controls and Motors; For the Ar- 
chitect; Ordinances and Regulations on Oil Burners and Equip- 
ment; Fuel Oil Tanks and Pumps, Preheaters, and 
Piping; Preliminary Surveys and Estimates; Installation Meth- 
Tests and Test Codes; Sales and Service; 
Information and 


Fuel; Characteristics and 


and Flame; 


Storage ; 


ods and Refractories ; 


Accounting and Business Law; Miscellaneous 
Tables and Bibliography. 
Much credit is due those responsible for this handbook for 


the useful manner in which the data are compiled. 


° }e 
A E C Aiding Engineering Students 

A communication was recently addressed by the American 
Engineering Council to the 111 known engineering and allied 
technical societies in the United States, asking what, if anything, 
they were doing to aid worthy young men to obtain a technical 
education. Replies were received from 77 organizations. Of 
this number, 14 were providing scholarships in some form, and 
16 were doing one or more of the following: offering loan funds; 
night courses; prizes; a special series of lectures for students 
in their respective localities. 

In many cases the information available concerning scholar- 
ships, prizes and loan funds for engineering students was not 
sufficiently complete to describe in detail the work of various en- 
gineering societies and clubs in this worthy field. 


Standards of Hydraulic Society Issued 


The sixth edition of standards recommended by the Hydraulic 
Society is announced. 

In accordance with its aim to be of service to engineers, buy- 
ers and users of pumps, as well as to its own members, the 
Hydraulic Society has collected pertinent technical, engineering 
and commercial pump data; it recommends standard definitions, 
terms and practices where such action appears to be feasible; and 
it has compiled this information in a Standards pamphlet for 
distribution to those interested. 

The first edition was a nineteen page booklet, 6 in. x 9 in., 
issued in 1921. As the usefulness of the Standards has been 
demonstrated, additional information has been included in suc- 
ceeding issues, culminating in this sixth edition of 96 pages in 
8% in. x. 11 in. size and in which, through the courtesy and 
cooperation of the members of the Hydraulic Society, some non- 
member pump manufacturers, the American Society of Mechani- 
cal Engineers and other sources, an effort has been made to pro- 
duce a publication that will merit the approbation of the engi- 
neering profession. 

Commercial as well as technical material in the pamphlet is 
submitted as being the opinions and recommendations of the 
Hydraulic Society as to what is considered good practice in the 
pump industry, it being recognized that the Hydraulic Society 
cannot and does not make or enforce any agreements that might 
be considered in restraint of trade or in violation of the anti- 
trust laws. 

It is believed, however, that a general adoption of the recom- 
mendations in these Standards will be of mutual advantage to 
the purchasers and users of pumps, and the engineering pro- 
fession, as well as to the pump manufacturers, and it is hoped 
that these recommendations will be considered as the standard 
trade definitions and customs in the pump industry, and will be 
so used by both buyers and sellers as governing transactions 
where nothing to the contrary has been established. 


Electrical Engineers Elect Officers 


C. E. Skinner, assistant director of engineering, Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa., was elected president 


of the A. J. E. E., as announced at the annual meeting held at 
Asheville, N. C., June 22, 1931. The other officers elected are 
Vice-Presidents, W. B. Kouwenhoven, Baltimore, Md.; W. E 
Freeman, Lexington, Ky.; P. H. Patton, Omaha, Neb.; A. W 
Copley, San Francisco, Calif.; L. B. Chubbuck, Hamilton, Ont 
Directors, L. W. Chubb, East Pittsburgh, Pa.; B. D. Hull, Dal 
las, Texas; H. R. Woodrow, Brooklyn, N. Y., and Nationa! 
Treasurer W. I. Slichter, New York City, who was reelected. 
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CANDIDATES FOR MEMBERSHIP 











The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the Journal of the Society or sent to the members in other approved manner as ordered 


by the Council. 
the Membership Committee as soon as possible. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upon by 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 


vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 14 applications for mem- 


bership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


The Membership Committee, and in turn the Council, urge the mem- 


bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 


of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some members by July 15, 1931, these candidates will be balloted upon by the Council. 


Those 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Cooper, JoHN Raymonp, Eastern Branch Mgr., Thermal Units 
Mfg. Co., New York, N. Y. 

GAsSSLER, JoHN H., Mer., Engrg. Dept., Crane Co., Jackson- 
ville, Fla. (Advancement) 

GRIFFIN, JouNn J., President, International Engrg. & Supply 
Co., Inc., St. Louis, Mo. (Reinstatement) 

GirRRBACH, GEORGE FREpERIC, McQuay Radiator Corp., Min- 
neapolis, Minn. 

HvosterF, FREDRIK WALDEMAR, 
( Reinstatement ) 

KInNEY, WILLIAM Hamitton, Asst. Engr. of Subway Design, 
Bureau of Subways, Board of Local Improvements, Chi- 
cago, Illinois 

Lewis, Witt, Munroe Furnace Supply 
Nebr. 

Morris, Epwarp JERoME, Student, Carnegie Inst. Tech., Pitts- 
burgh, Penna. 

Nayior, CHARLES Luzier, Supt., Heating, Light and Power 
Depts., Atlantic Refining Co., Philadelphia, Penna. 

Oates, WALTER A., House Heating Dept., Lynn Gas & Elec- 
tric Co., Lynn, Mass. 

SCHLEYER, Emit Francis, Estimator and Supt., E. W. Mande- 
ville, Inc., Brooklyn, N. Y. 

SHIMANSKI, Victor Epwarp, 
Crosse, Wis. 

Van AcsBurG, JERoLp Henry, Hart & Cooley Mfg. Co., Hol- 
land, Mich. 

Waters, Georce G., District Manager, American Blower Corp., 
Pittsburgh, Penna. 


Kohler Co., Kohler, Wis. 


Omaha, 


Company, 


Sales Engr., Trane Co., La 


REFERENCES 


Proposers Seconders 


R. E. Keyes P. J. Bryant 
R. T. Coe A. S. Lau 
C. P. Lichty W. L. Hodeaux 


B. A. Thomas 
G. W. F. Myers 
V. M. Lathers 
E. F. Jones 

W. N. Parks 
G. L. Larson 
F,. B. Rowley 
B. L. Casey 

C. W. Johnson 


Paul Sodemann 
J. M. Foster 

C. E. Gausman 

A. L. Sanford 

J. F. McIntire 

R. F. Connell 

J. F. Hale 

L. L. Narowetz, Jr. 


G. A. Voorhees 

W. Gunton—Non-Member 
Joe Blackshaw 

F. C. Houghten S. H. Harper 

J. C. Hurley H. G. Black 

M. F. Blankin A. J. Nesbitt 

Col. J. B. Coleman A. W. Moulder 

J. C. Hartwell C. R. Swaney 

F. W. Phillips, Jr. B. H. Griffen 

L. W. Atwater H. W. Maxfield—A. S. M. E. 
N. D. Adams 2. Johnson 

R. N. Trane M. W. Miller 
V. W. Cherven Alfred Knowles 
F. R. Bishop H. S. Covell 
W. A. Rowe 


J. C. Bostain 
W. J. Doyle 
S. E. Dibble 


Non-Member 
Non-Member 


Candidates Elected 


In past issues of the JourNAL of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 


We are 


now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 
MEMBERS 

ARMSTRONG, ASHER D., Mer., Heating Department, Crane Co., 
Minneapolis, Minn. 

ASHLEY, CARLYLE MARrrTIN, 
. Newark, N. J. 

Biitz, EMMANUEL, Engineer, Andrew J. Thomas, Archt., New 
York, N. Y. ; 

CUNNINGHAM, TOM 
Dallas, Tex. 

KEEFE, EpMuNp T., President, Underground Steam Construc- 
tion Co., Boston, Mass. 

MAYNARD, J. Earte, Heating Engr., Fox Furnace Co., Elyria, 
Ohio. 


Engineer, Carrier Engrg. Corp., 


M., Branch Megr., Carrier Engrg. Corp., 


ASSOCIATES 
Brown, Tuomas, Contracting Engr., Own Business, Toronto, 
Ont., Canada. 
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Burton, W. Dean, Chief Engr., Combustioneer, Inc., Goshen, Ind. 

GirFEN, J. Kerr, Stanton Heater Co., Martins Ferry, Ohio. 

Ket_y, Josepu A., Asst. Chief Engineer, John J. Nesbitt, Inc., 
Philadelphia, Penna. 

Myers, Eppizt Vern, Vice-Pres. & Supt., A. S. Hunter & Son, 
Inc., Willard, Ohio. 

Ruea, CHESTER 
Penna. 


A., Heggie-Simplex Boiler Co., Philadelphia, 
JUNIORS 

Epwarps, Don Carvin, Jr., Sales Engr., Carrier-York Corp., 
Nashville, Tenn. 

Levy, Marion I., Bishop & Babcock Sales Co., Cleveland, Ohio. 

McE ein, Joun Wivsert, Asst. to Experimental Engineer, John 
J. Nesbitt, Inc., Philadelphia, Penna. 

Powers, EpGar CHESTER, Enegr., 
Philadelphia, Penna. 


Sales Rome Radiation Co., 
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The Future of 


Refrigeration 

“In my most vivid recollections of my Mother I| see 
her going down a steep hill to a cool spring three times 
a day to get the butter and milk for our meals.” That 
from a biography of a noted man brings back to us 
the conditions that existed not many years ago and 
which indeed still exist in many parts of the country. 

The refrigeration industry has grown in the mean- 
time to eleventh place among our national industries. 
It has revolutionized the food industry. As a factor 
in air conditioning it has entered industry, the theater, 
the office building, the hotel and the home and has 
provided summer comforts that heretofore were not 
available to kings and queens. 

And yet it is stated by men prominent in the re- 
frigeration industry that refrigeration has just made a 
start and that there will be developments which will 
make our former refrigeration progress insignificant 
by comparison. 

Even though one may not be a prophet he can reason- 
ably foresee—if not predict—certain obvious develop- 
ments. 

More people every year are demanding summer 
cooling for occupied spaces. How soon will summer 
comfort be made available to practically everyone? 
What will this mean in terms of greater efficiency, bet- 
ter and more work with less effort than in the enervat- 
ing heat of summer? What will it mean in increas- 
ing the mental and physical activity of tropical races 
and tropical industries that are trying to survive? What 
will it mean in the development of the great resources 
of tropical regions? 

One might also speculate on the possibilities from a 
pathological point of view. Many diseases of the human 
family are accelerated by excessive pressures, tempera- 
tures, humidities, air velocities or dust in the air. So it 
is reasonable to suppose that many diseases may be 
retarded or perhaps cured by accurate control of these 
factors. 

Truly, the field of refrigeration and air conditioning 
merely has been scratched. We are constantly dis- 
covering new uses and new benefits. 

For centuries we have known the mechanical equip- 
ment to use for cold weather comfort and even the 
cave man knew how to make clothing to protect his 
body against the chill of winter. But not until the 


twentieth century did we learn the mechanical means 
for defending ourselves against excessive climatic heat 
and we have not yet learned, (and probably never will) 
how to make a body covering for adequate heat pro- 
tection. Until recently a Northerner was more de- 
fenceless against the scorching sun of the tropics than 
were the Esquimaux a thousand years ago against cold. 

We look back thirty centuries to the birth of heating 
for human comfort. Probably human beings three 
thousand years from now will celebrate this century of 
outstanding engineering achievement. They may honor 
it for the development of a science with human benefits 
more profound than heating has ever had—the science 
of refrigeration. 


Careful 
Instruction 


Frequently, the heating, piping or air conditioning 
contractor must spend time and money investigating 
an installation when the fault can be traced to im- 
proper operation. Contractors deserve the hearty co- 
operation of owners in making sure that operating 
staffs are carefully instructed in the proper methods 
of caring for these important divisions of the me- 
chanical equipment of buildings. 

Proper operation demands not only technical skill, 
but extensive knowledge of the individual peculiarities 
of each installation. Its exercise means reducing costs 
for the owner, reducing contractors’ expenditures and 
leading to economies and advantages to all concerned. 


Comfort on 
Wheels 


A progressive—though inevitable—step is described 
in a pictorial feature elsewhere in this issue. We refer 
to the air conditioning of a complete New York to 
Washington train. While a few leading roads have 
conditioned—or are considering conditioning—dining 
cars this is the first train to offer comfortable atmo- 
sphere from head to rear. It is being brought to the 
attention of the public through extensive advertising. 

We hope that other railroads will be quick to follow 
the lead. And if anything can be done about suburban 
coaches, too, we'll offer a prayer of thanks to the 
air conditioning engineer at 5:15 p.m. daily (except 
Sundays). 
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Undetected Leaks 
Waste Money 
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W. H. Wilson’s Monthly 
Discussion of the Problems 
He Meets From Day-to-Day 


Leaks in piping installations that ordinarily are not 
visible are a major cause of operating losses and a 
source of piping trouble. Leaks that are visible are 
senerally sure to receive immediate attention and prompt 
‘epairs. This cannot be said of the leaks that are not 
readily detected, as they may be in tunnels, pits, base- 
ments and places not readily accessible. Noise from 
‘quipment and machinery in operation frequently ren- 
ders it difficult to detect steam, air or water leaking 
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Practical 
Piping 
Problems 


through pass by valves, cross connection and 
division valves, and they may pass unnoticed 
for long periods of time. 








Illustrations Show Results of Leaks 


The accompanying illustrations show valve 
seats and discs that have been worn away by 
steam and water leakage. This calls atten- 
tion to the fact that proper plant operation, 
maintenance inspections and prompt repairs 
were lacking. 

Fig. 1 shows a seat and disc from a 1-in. 
globe valve that was used as a pass by valve 
on a steam line, 150 lb. working steam pressure. The 
metal valve seat is slightly worn, and the dise is worn 
badly ; much steam pressure was lost through this valve. 

The leak was not detected for some time, as the valve 
was located overhead, near machinery in continuous 
operation. Also, this connection was connected to a 
discharge line used to receive the discharge from sev- 
eral traps and consequently the leaking valve was not 
noticed for some time. This seems to question the ad- 
visability of installing a pass by valve and connection for 
a steam trap. 

Fig. 2 shows a metallic seat and disc that was re- 
moved from a small globe valve, used on the steam 
supply to a pipe coil submerged in a tank for heating 
a solution used in connection with nickel plating equip- 
ment. This valve was kept closed after regular working 
hours, but the leakage through the seat and disc kept 
the solution in the tank at a high temperature, con- 
tinuously, nights and over the week ends, with a con- 
sequent loss of the solution by evaporation, as well as a 
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Fic. 1—Seat AND Disc FROM A VALVE ON A STEAM 
LINE; THE LEAK Was Not Detectep ror SoME TIME 
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Fig. 2—Seat AND Disc REMOVED FROM VALVE ON STEAM 

Suppty To Pree Com. SUBMERGED IN A TANK FOR HEat- 

ING A SOLUTION. SoL_ution Was Lost By EvAporaTION 
AS WELL as STEAM BEING Lost 
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Fig. 3 (Lerr)—It Took ONty a Suort Time TO ReE- 

PLACE THis Worn Repucinc Vatve Disc. Fic. 4 

(RigHt)—MaANy GALLONS OF WATER WERE WASTED 

BeroreE THis Seat ror A Hor Water Faucet Was 
REPLACED 


Fic. 5—Nrpete Worn sy STEAM AND CONDENSATION 


corresponding loss of steam, the main steam supply line 
being kept on for other purposes. No leakage of steam 
being visible, as the heating coil was provided with a 
steam trap discharging into a return line, it was taken 
for granted that the heating equipment was in order. 


Fig. 3 shows a metallic disc removed from a steam 
reducing valve. On account of the bad condition of 
this disc, the steam pressure would rise on the delivery 
side of the reducing valve when a small amount of 
steam was required. For some time this was being taken 
care of by throttling the shut-off or stop valve con- 
trolling the steam supply to this reducing valve. There 
was no reasonable excuse for this practice, as it took only 
a short time to replace the worn disc in the reducing 
valve with a new one. 

The small valve seat shown in Fig. 4 is a metal seat 
removed from a hot water faucet on a wash basin in a 
lavatory. This equipment was not regularly inspected 
by the maintenance employes and the faucet was allowed 
to remain in this condition for some time. It was esti- 
mated that 8000 gallons of hot water per month was 
wasted in this manner. 

Fig. 5 shows a wrought pipe nipple, of extra strong 
pipe, that was removed from a submerged steam pipe 
coil in a tank used for heating water. The steam and 
condensation from the steam passing through the pipes 
has worn both ends of the nipple, so that it is cut through 
into the interior of the pipe, at the threaded ends, caus- 
ing some of the steam and condensation to pass into 
the water in the tank. The portion of the pipe in the 
nipple between the threads is in good condition. 

This tank was provided with an overflow pipe and 
the surplus water passed out through this overflow and 
the steam leaking in the pipe coil was not discovered for 
some time. 

Supervisors in charge of plant maintenance are usu- 
ally busy in computing the cost of operation of steam 
generating equipment, the operation of prime movers 
and items of large magnitude, yet it pays to devote at- 
tention to leaks. When they remain unattended for 
long periods of time, they are costly. 





Pipe Welding Booklet Published 


A 44-page booklet “Pipe Welding” has been published 
recently by the Gas Products Association, 250 E, Ontario 
St., Chicago. The manual contains, in condensed form, 
information on the various phases of welding steel and 
wrought iron piping systems for industrial use. Tables 
of cost data for welding and cutting pipes from 3¢-in. to 
30-in. diameters are included. 

Among the topics are types of joints; bevelling pipe ; 
expansion and alignment ; spacing ; clamps ; tacking ; tem- 
plates; fabrication of headers; connecting branch to 
header; swaged reducers; closing end of line; special 
fittings for welding; welding flanges; expansion bends 
and anchors; designing a welded lay-out; qualification 
tests; pipe welding costs for refrigeration, power, heat- 
ing, industrial and long transmission piping; and cut- 
ting cost data for standard weight and extra heavy pipe. 

The booklet is paper-covered and is 4% by 6% in. Its 
price is fifty cents. 











Process Industries Piping 


By C. L. Mantell * 


ROCESS industries are generally thought of as 

being those in which chemical processes and reac- 

tions play a major part. Their diversification is 
wide; from those strictly chemical concerning them- 
selves with the manufacture of acids, bases, salts, or- 
ganic products, pharmaceuticals, and fertilizers ; through 
those which are electrochemical, dealing with the refin- 
ing of metals, the production of chlorine and caustic, and 
the electrolysis of fused salts from which aluminum, 
magnesium, and sodium result; those which are electro- 
thermal in nature, such as the manufacture of ferro- 
alloys, calcium carbide, and cyanamid; to others some- 
what less predominately chemical, in which petroleum 
refining, sugar preparation, the manufacture of pulp and 
paper, paints, inks, pigments, leather, cement, the treat- 
ment of water and disposal of sewage, commercial fer- 
mentations, and a host of others are included. The 
entire group is thought of as the chemical engineering 
process industries. 


Substances Piped 


In fields other than chemical engineering, pipe lines 
carry substances such as air, water, or steam, having little 
or no destructive character. As a result, a small number 
of materials serve satisfactorily. In the case of chemical 
processes, however, a very large and varied number of 
materials must be transported through pipes. These in- 
clude the mineral acids, such as sulphuric, hydrochloric, 
and nitric, in various concentrations ; organic acids, such 
as acetic, lactic, tartaric, butyric, and oxalic; corrosive 
gases, such as chlorine, bromine, sulphur dioxide; solu- 
tions of salts which attack metals, such as brines; as 
well as a host of other materials among which are 
caustic, bleaching powder solutions, hypochlorites, and 
miscellaneous products. 


Wide Variety of Piping Materials Used 


The transportation of these substances, in both con- 
centrated and dilute forms, commercially pure, slightly 
or badly contaminated with other substances having cor- 
rosive action, necessitates unusual piping materials and 
layouts. It is the common thing to find in chemical 
process plants piping made of special alloys, lead, bronze, 
tin, aluminum, nickel, chromium and other alloy steels, 
ceramics, plastics, glass, rubber, silica, and many other 
materials. 

Factors to Consider 

The piping engineer is concerned very largely with 
the physical properties of piping, its strength, elasticity, 
expansion and contraction, and its resistance to cor- 
rosion. The process plant engineer must consider (in 
addition to the physical factors) the corrosion of the 
material particularly, its ability to withstand chemical 
attack over a wide range of conditions, among which 
are concentration of the substance being handled, tem- 
perature, pressure, humidity, alloy composition, and 
structure. The use of unusual products for piping brings 


* Consulting engineer, Pratt Institute, Brooklyn, i ie 
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in its train problems of joining, connecting, and fitting 
together of lines. 

The process piping engineer is intensely interested in 
corrosion, its causes and effects, in the belief that this 
knowledge will enable him to discover, develop, and use 
better materials of construction for transportation of 
substances through pipes. The present day literature 
on corrosion is vast, but it is not readily useful because 
it is poorly coordinated. Most piping materials in use 
have been employed as the result of costly experimenta- 
tion and plant experience. Few metals or alloys are 
adaptable to a wide range of different chemicals and 
conditions. Many of them are very serviceable for spe- 
cific purposes. Their physical properties necessitate de- 
sign details differing to a considerable degree from those 
found in steam, air, and water pipe lines. 


Some Odd Uses for Lead Pipe 

To obviate the necessity of stocking a supply of spare 
gaskets of odd shapes, a coil of small size, medium weight 
lead pipe may often be handily used; if lack of space 
prevents the use of a gasket of this thickness, the pipe 
may be split in two parts and hammered into sheet 
lead which will usually suffice until a regular gasket is 
obtained. 

Asbestos rope packing inside a piece of lead pipe pro- 
vides a suitable gasket for the tongue and groove or 
similar flange joints. The difficulties usually encountered 
in the removal of an old gasket in this type of joint are 
lacking when lead pipe and asbestos rope are used ; when 
a gasket of this type is replaced, if any of the old lead 
remains in the groove and due to the lack of spring to 
the pipe line it is difficult to properly clean the joint, the 
application of a blow torch will soon have any lead de- 
posits running out of the bottom of the groove. 

The small pieces, often left over from jobs of lead 
piping, ordinarily considered as scrap and remelted, may 
be filed and used to good advantage when combined 
with oil. Leaks through the threads of stud bolts may 
be prevented and their easy removal permitted by dip- 
ping the bolt in oil and then in a small can of lead 
filings before inserting; this method is valuable in case 
of loose threads, as the lead filings stick to the oil and the 
lead provides a filler to prevent leaks and rusting of 
the threads. 

Lead filings and oil brushed on a gasket permit its re- 
moval intact at any time, except in lines where excessive 
heat is employed. The gasket is lightly brushed with oil 
and a small amount of lead filings smoothed evenly over 
the oil. 

In the absence of good dies for pipe, leaky threads may 
be produced. Lead filings and oil may be used to help 
these poor threads to make a tight joint. After the pipe 
is threaded, it is usually coated with a film of oil and 
dipped into a small can of lead filings. The lead filings 
stick to the oil and the heat of the joint is sufficient to 
soften the lead to provide a filler. These lead filings are 
an excellent means of making brass pipe threads tight. 
—Wailliam Anderson. 
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Second Edition of ‘Flow and Measure- 
ment of Air and Gases’’ Published 


A copy of the second edition of Alec B. Eason’s “Flow 
and Measurement of Air and Gases” has been received 
recently. This work has been thoroughly revised, in- 
cluding additional notes on the pneumatic conveying of 
materials. 

Included in this 254-page book are chapters on the 
problems dealt with and sources of information, co- 
efficient of friction in pipes, loss of pressure at fittings, 
pneumatic tube problems, theories of air flow in pipes, 
transit time of carriers, intermittent flow of air in tubes, 
meters for gas and air, measurement of air by pitot tubes, 
electric velocity meters and hot-wire anemometry, flow 
from orifices, air friction on moving surfaces, general 
description of pneumatic tubes, and methods of produc- 
ing air currents. A very complete bibliography appears 
in the first chapter, referring to many standard refer- 
ences and numerous reports and other publications. 

In this book, the author endeavors to co-ordinate the 
results of various tests and formulas so that reasons 
for variations can be understood. The material is be- 
lieved to be of particular value to engineers who want to 
know on what foundations formulas and graphs are 
based. 

The publishers are Charles Griffin and Company, Ltd., 
42 Drury Lane, W.C. 2, London, England. 





Conventions and Expositions 


National Association of Power Engineers: 
convention and exposition, September 7-11; Convention 


Annual 


Hall, Kansas City, Mo. Secretary, F. W. Raven, 417 


S. Dearborn st., Chicago. 

Southern Power and Machinery Show: October 19-24; 
Textile Hall, Greenville, South Carolina. 

Third International Conference on Bituminous Coal: 
November 16-21; Carnegie Institute of Technology, 
Pittsburgh, Pa. Chairman, Thomas S. Baker, President, 
Carnegie Institute of Technology. 





Recent Trade Literature 


Air Conditioning Units: B. F. Sturtevant Co., Hyde 
Park, Boston, Mass.; six-page folder giving technical in- 
formation for unit coolers, using a spray of water or 
brine which eliminates frosting, and unit humidifiers in 
which atomized water is sprayed against the air flow. 
Both units are equipped with filters, are of the suspended 
type. Also eight-page bulletin on humidifier sections, 
operated on compressed air for atomization and water at 
3 Ib. 

Alloy Steels: Republic Steel Corporation, Central 
Alloy District, Massilon, Ohio ; 132-page illustrated hand- 
book giving recent data on alloy steels, together with 
instructions for heat treatment arranged in convenient 
chart form. Also a 64-page sheet iron primer describing 
in detail modern commercial practice of sheet rolling. 
Also, a 64-page treatise on copper molybdenum iron pipe, 
showing numerous applications under various conditions 
and giving complete engineering data. 


July, 1931 


Blowers and Compressors: Ingersoll-Rand Company, 
1 Broadway, New York City; 44-page fully illustrated 

booklet describing construction and operation of single 
and multi-stage turbo-blowers for discharge pressures 
from 1 to 40 lb. and capacities from 3,000 to 100,000 
c.f.m.; also turbo-compressors for pressures to 110 Ib. 
and capacities of 8,000 to 10,000 c.f.m. 

Concealed Heating Units: National Radiator Corpora- 
tion, Johnstown, Pa.; folder and data sheet announcing 
a concealed heating unit to heat by convection, made of 
cast iron. Sized to fit standard walls, it is for use with 
steam, vapor and hot water systems. Sizes and ratings 
are included. 

Dryers and Ovens: Freas Thermo-Electric Company, 
1206 S. Grove St., Irvington, N. J.; 48-page booklet de- 
voted to the application of electric heat to industrial 
processes such as baking, drying, air tempering, vul- 
canizing, dehydrating, roasting, and preheating where 
temperatures do not exceed 750 F. In addition to de- 
scriptions and illustrations of applications of the ap- 
paratus, material on costs and basic principles is included. 

Expansion Loops: Tube-Turns, Incorporated, 1300 S. 
Shelby St., Louisville, Ky.; four-page data sheet con- 
taining design data for expansion loops, made with seam- 
less fittings for pipe welding and straight pipe. A de- 
sign chart, an example showing the use of the chart 
and a table showing thermal expansion are included in 
addition to a general discussion. 

Fans; Autovent Fan and Blower Company, 1805 N. 
Kostner Ave., Chicago; four-page folder on propeller 
fans, non-overloading. Performance data, prices and 
construction features are included. 

Heating Systems: C. A. Dunham Company, 450 E. 
Ohio St., Chicago ; 24-page attractively bound booklet on 
the advantages of differential vacuum heating systems, 
including information as to fuel costs. 

Motors: Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa.; data sheet for squirrel 
cage induction motors with interchangeable mechanical 
and electrical parts. Designed for heavy duty, constant 
speed, continuous service; applications to pumps, com- 
pressors, fans, and blowers are mentioned. 

Pyrometers: The Brown Instrument Company, Wayne 
and Roberts Aves., Philadelphia, Pa.; four-page an- 
nouncement of potentiometer pyrometer—indicating, re- 
cording, controlling, multiple recording, multiple con- 
trolling—for industrial plants. The instrument is 
equipped with a humidity compensator to prevent errors 
from variations in chart dimensions. 

Stainless Steels: National Tube Company, Pittsburgh, 
Pa. ; 36-page treatise containing information on the prop- 
erties, applications, procedures for use, metallurgical na- 
ture, etc., of chromium and chromium-nickel stainless and 
heat resisting steels. 

Thermocouple Terminal Heads: Charles Engelhard, 
Inc., Chestnut St. and N. J. R. R. Ave., Newark, N. J.; 
four-page folder describing open type, weatherproof and 
flanged type thermocouple terminal heads. 

Unit Heaters: Nichols Products Corporation, 12953 
Greeley Ave., Detroit, Mich. ; four-page folder describing 
features of a gas fired unit air heater for industrial 
buildings. 





